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Preface 


Morphological  features,  such  as  spikelet  structure,  have  not  provided  a wholly  satisfactory  basis  for  classifying 
grasses.  Recent  classification  systems  have  therefore  made  increasing  use  of  taxonomic  characters  provided  by  other 
disciplines,  in  particular  the  comparative  anatomy  of  the  grass  leaf  blade.  Thus  taxonomically  meaningful  characters 
have  been  provided  by  photosynthetic  leaf  anatomy  (Kranz  vs  non-Kranz  anatomy),  microhair  presence  and  structure, 
silica  body  shape,  stomatal  type  and  presence  and  type  of  epidermal  papillae.  Certain  combinations  of  these  characters 
are  diagnostic  for  each  of  the  five  major  evolutionary  lines  or  subfamilies  of  the  Poaceae  and  at  least  some  of  them 
appear  to  be  of  value  for  the  delineation  of  tribes  and  genera. 

This  paper  presents  a taxonomic  evaluation  of  a previously  unrecorded  character  of  the  leaf  blade  epidermis  based 
on  a comprehensive  sample  of  southern  African  grasses,  supplemented  by  material  from  different  parts  of  the  world. 
The  tannin-like  substances  visible  in  the  epidermal  cells  of  uncleared,  freshly  fixed  material  appears  to  have  considerable 
taxonomic  potential  for  the  African  material  examined  and,  once  their  systematic  significance  has  been  established 
on  a world-wide  basis,  they  may  contribute  substantially  to  our  understanding  of  relationships  at  the  tribal  and  generic 
level.  It  is  hoped,  therefore,  that  this  anatomical  survey  will  serve  as  a stimulus  for  further  studies  on  the  taxonomic 
distribution  of  these  tannin-like  substances  in  the  grass  family. 

Most  of  the  taxonomically  useful  anatomical  characters  of  grass  leaves  have  also  proved  to  be  functionally  significant. 
The  correlation  of  the  C4  photosynthetic  pathway  with  Kranz  anatomy,  for  example,  has  provided  much  data  relevant 
to  taxonomic,  physiological  and  ecological  studies.  Another  example  is  the  secretory  function  of  different  types  of 
microhairs.  These  structural-functional  relationships  of  the  grass  leaf  serve  to  emphasise  the  need  to  integrate  taxonomic 
information  with  knowledge  gained  from  other  disciplines.  Such  co-operation  will  certainly  benefit  all  biologists 
concerned  with  the  biology  of  natural  ecosystems,  or  farming  systems,  which  include  representatives  of  the  economically 
very  important  grass  family. 

The  structural-functional  relationships  of  the  tannin-like  substances  in  certain  grass  leaves  appear  to  be  of  comparable 
importance  in  this  regard  and  the  circumstantial  evidence  of  this  study  suggests  that  these  substances  may  actually 
represent  the  visual  manifestation  of  an  antifeedant  mechanism  operating  in  certain  tropical  grass  taxa.  If  this  is  indeed 
so,  then  it  will  have  far-reaching  implications  in  the  management  and  utilization  of  tropical  grasslands  and  savannas 
and  this  possibility  definitely  warrants  further  research.  In  this  way  a purely  taxonomic  study  may  contribute  substantially 
to  our  appreciation  of  the  complex  and  inadequately  understood  interactions  between  grasses  and  grazing  herbivores — 
emphasising  once  again  the  need  for  interdisciplinary  co-operation  in  biological  research. 


Pretoria,  June  1990. 
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Abstract 


ELLIS,  R.P  1990.  Tannin-like  substances  in  grass  leaves.  Memoirs  of  the  Botanical  Survey  of  South  Africa  No.  59,  pp.  80. 

A total  of  1 104  grass  species  belonging  to  290  genera  was  investigated.  This  includes  760  of  the  957  species  belonging  to  all  194  genera 
known  from  southern  Africa,  numerous  species  from  the  New  World,  as  well  as  340  bambusoid  species  from  different  parts  of  the  world.  Epidermal 
cells  containing  visually  discernible  tannin-like  substances  (TLS)  are  reported  and  illustrated  from  the  leaf  blades  of  39  genera  and  101  species 
of  grasses  from  southern  Africa.  Cells  containing  TLS  have  previously  not  been  reported  from  the  vegetative  parts  of  any  representative  of  the 
Poaceae,  but  TLS  are  here  shown  to  be  relatively  common  in  the  epidermal  cells  of  southern  African  tropical  grasses,  and  their  presence  appears 
to  be  taxonomically  significant.  They  are  of  general  occurrence  in  the  Andropogoneae  and  Arundinelleae  of  the  Panicoideae  but  rare  in  the  Paniceae 
as  well  as  the  Chloridoideae.  Cells  with  TLS  are  entirely  absent  from  the  other  subfamilies  (Bambusoideae,  Pooideae  and  Arundinoideae)  except 
for  two  species  of  Ehrharta— E.  dura  and  E.  microlaena  which  are  the  only  C3  species  recorded  with  TLS.  TLS  are  shown  to  be  most  frequent 
in  C4  grasses  of  the  NADP-me  biochemical  type,  particularly  species  of  communities  on  dystrophic,  nitrogen-poor  soils. 

Circumstantial  evidence  seems  to  indicate  that  the  possession  of  these  cells  is  ecologically  significant.  These  cells  possibly  contain  condensed 
tannins  which  may  function  as  digestibility-reducing  compounds  and  they  may  be  produced  in  response  to  damage  caused  by  herbivores.  The 
possibility  of  such  a chemical  defence  mechanism  in  tropical  African  grasses,  as  well  as  the  exact  chemical  nature  of  the  contents  of  these  cells, 
deserve  further  investigation  as  they  may  affect  the  functioning  of  some  tropical  ecosystems  and  may  have  profound  management  implications. 


Uittreksel 


Altesaam  1 104  grasspesies  wat  aan  290  genusse  behoort,  is  ondersoek.  Dit  sluit  in  760  van  die  957  spesies  in  al  194  genusse  wat  in  suidelike 
Afrika  bekend  is,  talle  spesies  van  die  Nuwe  Wereld,  asook  340  spesies  van  die  Bambusoideae  van  verskillende  weerelddele.  Epidermisselle  van 
die  blaarskywe  van  39  genusse  en  101  spesies  van  suider-Afrikaanse  grasse,  wat  visueel  waarneembare  tannienagtige  stowwe  (TLS)  bevat,  word 
vermeld  en  gelllustreer.  Dit  is  nog  nie  voorheen  aangeteken  dat  TLS  in  die  vegetatiewe  dele  van  enige  verteenwoordiger  van  die  Poaceae  voorkom 
nie.  Hier  word  egter  aangetoon  dat  TLS  betreklik  algemeen  in  die  epidermisselle  van  Suider-Afrikaanse  tropiese  grasse  voorkom  en  dat  hul 
teenwoordigheid  klaarblyklik  van  taksonomiese  belang  is.  Hulle  word  algemeen  in  die  Andropogoneae  en  Arundinelleae  van  die  Panicoideae  aangetref, 
maar  selde  in  die  Paniceae  asook  die  Chloridoideae.  Selle  wat  TLS  bevat,  is  totaal  afwesig  by  die  ander  subfamilies  (Bambusoideae,  Pooideae 
en  Arundinoideae)  behalwe  by  twee  Ehrharta-spesies — E.  dura  en  E.  microlaena,  die  enigste  C3-spesies  met  TLS  wat  aangeteken  is.  TLS  kom 
die  meeste  by  C4-grasse  van  die  NADP-me  biochemiese  tipe  voor,  veral  by  spesies  van  gemeenskappe  op  distrofiese,  stikstofarm  gronde. 

Volgens  omstandigheidsgetuienis  wil  dit  voorkom  of  die  besit  van  hierdie  selle  ekologies  betekenisvol  is.  Hierdie  selle  mag  gekondenseerde 
tanniene  bevat  wat  verteerbaarheid  verlaag  en  die  verbindings  word  moontlik  geproduseer  in  reaksie  op  skade  wat  deur  herbivore  aangerig  word. 
Hierdie  moontlikheid  van  ’n  chemiese  verdedigingsmeganisme  by  grasse  van  tropiese  Afrika,  asook  die  presiese  chemiese  aard  van  die  inhoud 
van  hierdie  selle,  verdien  verdere  ondersoek  aangesien  hul  teenwoordigheid  die  werking  van  sommige  tropiese  ekosistemc  mag  belnvloed  en  diepgaande 
bestuursimplikasies  mag  inhou. 
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Introduction 


The  objective  of  this  paper  is  to  document  the  presence 
of  tannin-like  substances  (TLS)  in  the  cells  of  the  leaf  blade 
epidermis  of  grasses,  mainly  from  southern  Africa  and 
to  trace  their  distribution  in  the  family.  It  will  be  shown 
that  microscopically  these  cells  and  their  contents  look 
exactly  the  same  as  those  described  as  tannin  cells  in 
dicotyledons  and  other  monocotyledons,  and  it  is  there- 
fore assumed  that  they  represent  equivalent  substances  with 
similar  functions. 

In  microscopical  sections  of  plant  tissues,  tannins  are 
usually  identifiable  in  the  cells  as  yellow,  red  or  very  dark 
brown  or  black  substances  found  either  in  the  vacuoles 
or  in  the  form  of  droplets  in  the  cytoplasm  (Fahn  1982). 
Chemically  tannins  are  a heterogeneous  group  of  phenol 
derivatives,  related  to  glucosides,  and  it  is  the  anhydrous 
derivatives  of  tannin,  the  phlobaphenes,  which  form  these 
yellow,  red  or  dark  brown  amorphous  inclusions  which 
are  so  conspicuous  in  sectioned  plant  material  (Esau  1965). 
Substances,  like  tannins  and  anthocyanins,  occur  mostly 
in  cell  vacuoles  and  give  the  cell  sap  a higher  viscosity 
and  can  cause  the  tissue  to  be  coloured  (Clowes  & Juniper 
1968)  and  microscopically  these  polyphenols  appear  as 
coarsely  or  finely  granular  masses,  or  as  bodies  of  various 
sizes,  most  frequently  in  the  epidermal  cells.  All  dark 
amorphous  substances  occurring  as  cell  inclusions  are  here 
referred  to  as  TLS. 

Tannin  cells  are  characteristic  of  certain  epidermal  cells 
of  the  leaf  blade,  particularly  in  the  woody  dicotyledons 
where  they  occur  widely  (Bate-Smith  & Metcalfe  1957). 
The  monocotyledons,  on  the  other  hand,  are  notably  poor 
in  tannins  (Esau  1965)  but  epidermal  tannin  cells  occur 
in  some  species  of  all  the  families  of  the  Juncales  where 
they  are  even  considered  to  be  of  specific  diagnostic 
importance  in  the  Restionaceae  (Cutler  1969).  In  the 
Cyperaceae  translucent  cells  embedded  in  the  mesophyll 
often  become  filled  with  an  opaque,  amorphous  substance 
which  gives  the  reactions  for  tannins  (Metcalfe  1971). 
These  cells  are  clearly  illustrated  in  Ueno  et  al.  (1986) 
and  Ueno  & Koyama  (1987).  In  the  extensive  comparative 
anatomical  literature  on  the  Poaceae  (Metcalfe  1960;  Ellis 
1987)  there  are,  to  date,  no  reports  of  the  microscopical 
occurrence  of  tannin  cells  in  the  vegetative  parts  of  any 
representatives  of  this  family. 

Several  biochemical  reports  of  polyphenols  in  grasses 
have  been  published  but  references  to  condensed  tannins 


(or  proanthocyanidins)  and  hydrolysable  tannins,  both 
of  which  possess  the  capacity  to  precipitate  protein,  are 
exceedingly  rare  and  require  experimental  confirmation. 
Most  reports  refer  to  other  classes  of  polyphenols  that  do 
not  function  as  tannins.  An  example  is  the  report  of  leuco- 
anthocyanins  in  the  leaves  of  six  southern  African 
andropogonoid  species  out  of  a total  of  60  species  (Bate- 
Smith  & Swain  1967).  Twenty-three  genera,  out  of  a total 
of  620  grass  genera,  are  reported  to  have  proanthocyanidins 
(Gornall  et  al.  1979)  whereas  108  genera  had  other 
flavonoids.  Dahlgren  & Clifford  (1982)  quote  a figure  of 
less  than  10%,  and  Harborne  & Williams  (1986)  about  3%, 
for  grasses  which  possess  these  proanthocyanidins. 

Rice  & Pancholy  (1973)  are  the  only  authors  to  report 
the  general  occurrence  of  condensed  tannins  in  grasses. 
They  found  that  all  the  prominent  New  World  prairie  grass- 
es contained  high  amounts  of  condensed  tannins  and  other 
polyphenols.  However,  their  findings  have  not  been  sup- 
ported by  other  workers  and  may  have  been  due  to 
interference  by  other  compounds  in  the  assay  they  used. 

Phytoalexins,  which  are  usually  non-tannin  phenolics, 
often  accumulate  in  cells  located  near  injuries  and  infec- 
tions and  in  such  pathological  material  may  even  occur 
in  vascular  tissue  (Esau  1965).  This  suggests  that  they  play 
a role  in  containing  and  preventing  the  spread  of  fungal 
and  bacterial  infection.  However,  this  does  not  explain  the 
consistent  presence  of  TLS  in  healthy  grass  leaves  as 
observed  in  this  study.  The  function  of  tannins  in  plants 
is  still  uncertain  and  several  additional  proposals  have  been 
advanced  (Esau  1965):  as  protection  of  the  protoplast 
against  dessication,  decay  or  injury  by  animals;  as  reserve 
substances  related  in  some  undetermined  way  to  starch 
metabolism;  as  anti-oxidants;  as  protective  colloids  main- 
taining the  heterogeneity  of  the  cytoplasm;  as  substances 
associated  with  the  formation  and  transport  of  sugars.  They 
are  generally  thought  to  protect  the  plant  against  dehydra- 
tion, rotting  and  damage  by  animals  (Fahn  1982). 

Knowledge  of  the  phenolic  constituents  of  grasses  is 
essential  for  assessing  the  nutritional  status  of  grass 
proteins  (Harborne  & Williams  1986).  This  is  so  because 
tannins  may  complex  with  proteins,  reducing  the  nutri- 
tional value  of  fodder  and  thus  acting  as  antifeedants  to 
large  herbivores  (Cooper  & Owen-Smith  1985).  These 
polyphenols  may  also  have  a more  general  protective  role 
in  limiting  damage  caused  by  insects  (Swain  1979). 
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This  paper  will  present  circumstantial  evidence 
suggesting  that  the  TLS  in  the  Poaceae  possibly  function 
as  antifeedants  to  both  vertebrate  and  invertebrate  herbi- 
vores. It,  therefore,  appears  as  if  these  cells  contain  poly- 
phenolics  and,  as  such,  represent  the  visible  component 
of  a chemical  defence  mechanism  with  the  potential  for 
reducing  the  digestibility  of  proteins  or  with  toxic  side 
effects  if  absorbed.  From  this  study  it  appears  that  these 
secondary  compounds  are  widespread  in  certain  tropical 
grass  taxa  and  grassland  and  savanna  communities. 
Chemical  herbivore  deterrence  by  these  grasses  may  be 
a significant  factor  in  the  functioning  of  these  ecosystems 
and  this  study  identifies  grass  species  worthy  of  further 
study  in  this  regard. 

Materials  and  methods 

Grass  plants  were  collected  in  the  field  throughout 
southern  Africa  over  a period  of  18  years  (1970—1988). 
Herbarium  voucher  specimens  were  prepared  for  identifi- 
cation purposes  and  were  verified  by  the  National 
Herbarium  (PRE)  where  they  are  housed  and  are  available 
for  consultation  together  with  accompanying  microscope 
slides  and  photomicrographs. 

Segments  of  the  central  third  of  mature  leaf  blades  were 
removed  in  the  field  and  immediately  fixed  in  FA  A 
(Johansen  1940).  Transverse  sections,  10  /xm  thick,  were 
prepared  after  desilicification  in  30%  hydrofluoric  acid 
(Breakwell  1914),  dehydration  using  the  methods  of  Feder 
& O’Brien  (1968)  and  infiltration  and  embedding  in  Tissue 
Prep  (Fischer  Scientific).  The  sections  were  then  stained 
in  safranin  and  fast  green  (Johansen  1940). 

The  manual  scraping  method  of  Metcalfe  (1960)  was 
used  to  prepare  abaxial  epidermal  scrapes.  These  were  also 


stained  in  safranin.  The  anatomical  structure  was  recorded 
photographically  using  a Reicherdt  Univar  microscope  and 
Ilford  Pan  F film  (ASA  50). 

By  this  means  an  extensive,  standardized  and  compara- 
tive anatomical  data  base  was  assembled  including 
examples  of  over  750  southern  African  grass  species' from 
a total  collection  of  over  5 700  specimens,  all  collected 
and  prepared  by  the  same  method.  In  addition  340 
bambusoid  species  were  included  as  well  as  over  500  New 
World  grass  specimens. 

Study  material  of  most  species  was  collected  throughout 
their  distribution  ranges  in  southern  Africa  and  includes 
the  geographical,  seasonal,  climatological  and  ecological 
variation  exhibited  by  any  given  species.  Ontogenetic 
differences  were  not  sampled,  however,  as  all  anatomical 
specimens  were  taken  from  mature  leaf  blades  and  not 
developing  or  senescing  blades. 

This  entire  collection  of  1 104  grass  species  was  then 
surveyed  for  the  presence  of  red  or  dark  brown  or  black 
epidermal  cell  inclusions — in  both  transverse  sections  and 
abaxial  epidermal  scrapes.  The  staining  procedure 
employed  stained  lignified  walls,  tannin  deposits  and 
chromatin  red  and  all  other  constituents  green  (Bate-Smith 
& Metcalfe  1957;  O'Brien  & McCulley  1981).  It  is  not 
certain  whether  safranin  is  a specific  stain  for  tannins  or 
whether  other  phenolics  are  stained  as  well  and,  there- 
fore, the  stained  epidermal  cell  contents  are  referred  to 
as  TLS  and  not  as  tannins. 

For  details  on  the  listing  of  taxa  under  Anatomical 
observations  and  taxonomic  implications,  see  the  introduc- 
tory paragraphs  of  that  section. 
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The  chemical  nature  of  tannin-like  substances  (TLS) 


The  resinous  contents  of  the  epidermal  cells  of  the  grasses 
described  here  conform  in  all  respects  to  the  microscopical 
descriptions  given  for  tannin  cells  in  plant  tissue  (Esau 
1965;  Fahn  1982).  The  vacuolar  contents  are  clearly  seen 
to  be  yellow,  red,  dark  brown  or  black,  finely  or  coarsely 
granular  masses  or  amorphous  bodies  of  various  sizes. 
This  visual  evidence,  using  safranin  as  a stain,  suggests 
that  these  substances  are  indeed  tannins  (O’Brien  & 
McCully  1981).  By  this  method  the  proportion  of  the  cells 
that  are  stained,  and  their  intensity,  gives  a good  indication 
of  the  quantity  of  tannin  present  (Bate-Smith  & Metcalfe 
1957)  and  this  has  been  assumed  in  this  study.  However, 
it  is  not  clear  whether  safranin  indicates  tannins  specifi- 
cally or  whether  other  classes  of  polyphenols  are  also 
stained. 

A close  link  exists  between  phytochemistry  and  plant 
anatomy  and  many  anatomical  features  are  chemical  in 
nature  (Harborne  1983).  Yet  anatomical  and  histochemical 
techniques  rarely  confirm  the  exact  chemical  structure  of 
the  substances  involved.  Bate-Smith  & Metcalfe  (1957) 
thoroughly  investigated  the  anatomical  and  chemical 
aspects  of  the  natural  distribution  of  tannins  in  the  woody 
dicotyledons.  These  authors  demonstrated  a histologically 
positive  reaction  with  iron  salts  for  tannin  in  woody  tissues 
to  be  precisely  correlated  with  the  chemical  identification 
of  proanthocyanins  or  ellagitannins  in  the  leaves  of  the 
same  plants.  The  present  study  suggests  that  a correla- 
tion may  exist  in  the  Poaceae  between  epidermal  cells 
containing  visually  discernible  TLS  and  the  presence  of 
polyphenols  or  even  tannins.  The  chemistry  of  the  TLS 
must,  however,  still  be  determined  before  this  link  can  be 
positively  established. 

The  possibility  does  exist  that  the  intracellular  sub- 
stances, referred  to  as  TLS,  may  be  either  gums  or  resins. 
These  substances  may  resemble  tannins  microscopically 
although  statements  to  this  effect  were  not  found  in  the 
literature.  However,  gums  and  resins  are  deposited  in 
lysigenous  or  schizogenous  cavities  or  ducts  by  the  process 
of  gummosis  (Esau  1965;  Fahn  1982)  and  not  intra- 
cellularly  as  are  tannins.  Gummosis  involves  the 
disintegration  of  cell  walls  which  does  not  occur  in  the 
case  of  tannin  cells.  Consequently,  it  appears  unlikely  that 
the  cells  described  here  are  resin  or  gum  cells.  It  is  of 
interest  to  note  that  gums  and  resins  appear  to  function 
similarly  to  tannins  in  that  they  also  appear  to  be  formed 


in  response  to  disease,  insect  or  other  mechanical  damage 
or  to  physiological  disturbances  in  the  plant  (Fahn  1982). 

A further  complication  in  the  description  of  these  TLS- 
containing  cells  is  the  inconsistent  terminology  used  in  the 
literature.  Metcalfe  (1971)  uses  the  term  secretory  cells  for 
cells  of  the  Cyperaceae  which  contain  an  amorphous  sub- 
stance which  resembles  tannins  and  which  also  gives  a 
positive  histochemical  reaction  for  tannins.  Cutler  (1969) 
calls  cells  in  the  Restionaceae  with  dark  amorphous 
inclusions,  tannin  cells.  These  cells  in  both  these 
graminoid  families  appear  to  be  homologous  but  are 
described  by  different  terminology.  Tannins  and  resins  may 
also  be  confused  visually,  and  histochemical  tests  for 
tannins  are  unreliable.  Therefore,  it  is  imperative  that  the 
exact  chemical  nature  of  the  epidermal  cell  deposits 
described  here  be  determined.  The  methods  employed  in 
this  study  are  inadequate  for  this  purpose. 

Several  additional  histochemical  tests  were  tried  in  this 
study  in  order  to  confirm  the  nature  of  polyphenols  in  grass 
leaves  but  the  results  were  also  contradictory.  Fresh 
unstained  sections  of  leaf  blades  of  species  with  TLS 
showed  dark  red  or  brown  compounds  in  the  epidermal 
cell  vacuoles.  These  microscopically  visible  substances 
may  be  polyphenols  which  become  oxidised  to  polymeric 
phlobophenes  by  exposure  to  air  (Reeve  1951).  This  test, 
however,  is  not  sensitive  enough,  as  the  enzymatic 
browning  is  not  always  sufficiently  intense  for  ready 
microscopic  detection. 

The  nitrous  oxide  reaction  for  phenolics  (Reeve  1951) 
proved  positive  for  six  species  tested — Loudetia  flavida, 
L.  simplex,  Andropogon  gayanus,  A.  ravus,  Sorghum 
versicolor  and  Ehrharta  dura.  The  positive,  intense 
cherry-red  colour  for  phlobaphenes  was  present  in  the 
same  cell  types  and  distributed  in  leaf  blade  tissues  in 
exactly  the  same  pattern  as  that  observed  with  the  safranin 
stain  used  in  this  study.  This  lends  support  to  the 
hypothesis  that  these  cells  contain  polyphenols. 

The  other  method  used  was  the  ‘Chlorox’  procedure 
(Weak  et  al.  1972),  using  potassium-hydroxide  and 
commercial  bleach,  which  is  widely  used  to  distinguish 
bird-resistant  sorghum  from  non-bird-proof  cultivars.  This 
test  on  the  same  six  species  was  completely  negative  with 
no  leaves  turning  black.  Thus  these  two  tests  for 
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polyphenols  gave  conflicting  results  and  the  question 
of  the  chemical  nature  of  the  TLS  remains  unre- 
solved. 

Bate-Smith  & Swain  (1967)  showed,  in  four  out  of  more 
than  60  grass  species,  the  presence  of  leuco-anthocyanins 
by  hydrolysing  the  leaves  in  2N  hydrochloric  acid 
and  extracting  the  hydrolysate  with  isoamyl  alcohol 
and  chromatographing  in  Forestal  solvent.  Rice  & 
Pancholy  (1973),  using  the  Feeny-Bostock  technique,  found 
condensed  tannins  to  be  present  in  roots  and  shoots  of 
all  the  important  tall  prairie  grasses  they  studied.  How- 


ever, the  findings  of  both  these  papers  need  confirma- 
tion. 

The  work  of  neither  of  the  above  authors  has  been 
expanded  upon  even  though  their  results  pointed  to  the 
general  presence  of  tannins  in  Andropogoneae.  Harborne 
& Williams  (1986)  also  found  proanthocyanidins  in  a few 
andropogonoid  and  chloridoid  grasses.  This  survey  of  the 
occurrence  of  TLS  in  the  epidermal  cells  of  the  Poaceae, 
was  therefore  undertaken  to  ascertain  whether  the  TLS  are 
more  common  than  the  chemical  evidence  of  the  presence 
of  proanthocyanidins  indicates. 
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Anatomical  observations  and  taxonomic  implications 


A total  of  1 104  grass  species  belonging  to  290  genera  was 
investigated.  This  includes  760  of  the  957  species 
belonging  to  all  194  genera  known  from  southern  Africa, 
numerous  species  from  the  New  World,  as  well  as  340 
bambusoid  species  from  different  parts  of  the  world.  Only 
those  species  in  which  TLS  were  found  are  discussed, 
except  for  Arundinelleae  and  Andropogoneae.  In  these  two 
tribes  TLS  were  found  to  be  very  common,  yet  consistently 
absent  in  certain  genera  and  species.  All  investigated 
representatives  of  these  two  tribes  are  discussed,  even  those 
in  which  TLS  were  absent  in  all  specimens  examined. 

The  species  studied  are  listed  by  subfamily,  tribe  and 
subtribe  (based  on  the  classification  of  Clayton  & Renvoize 
1986),  and  then  alphabetically  by  genus  and  species 
(summarized  in  Table  1).  For  all  species  the  number  of 
specimens  possessing  cells  with  TLS  is  expressed  as  a 


fraction  of  the  total  specimen  sample  studied.  This  gives 
an  indication  of  whether  these  cells  are  consistently 
present,  and  therefore  diagnostic,  or  are  only  produced 
in  response  to  certain  environmental  or  abiotic  factors. 
Brief  notes  on  distribution  and  habitat  (veld  type  name  and 
number  according  to  Acocks  1988)  are  also  given  for  all 
species  with  TLS.  This  is  done  in  order  to  illustrate 
possible  ecological  relationships  which  may  be  correlated 
with  the  possession  of  TLS.  Photosynthetic  pathway, 
inferred  from  leaf  transectional  anatomy  (Ellis  1977),  is 
also  indicated. 


BAMBUSOIDEAE 

No  cells  with  TLS  were  observed  in  any  of  the  340 
species  from  100  genera  studied.  Consequently  TLS 
appear  to  be  completely  absent  in  this  subfamily. 


TABLE  1. — The  occurrence  of  tannin-like  substances  (TLS)  in  epidermal  cells  and  photosynthetic  pathways  in  Poaceae,  mainly  from  southern 
Africa.  First  column  gives  numbers  of  taxa  investigated;  second  column  gives  numbers  of  taxa  found  to  contain  TLS  (arrangement  of  taxa 
according  to  Clayton  & Renvoize  1986) 


Taxon  and  sample  size 


Presence  of  tannin  cells  Photosynthetic  pathway 


Subfamily  BAMBUSOIDEAE  (100  genera;  340  species)  Absent 

Subfamily  POOIDEAE  (47  genera;  146  species)  Absent 

Subfamily  ARUNDINOIDEAE  (22  genera;  170  species)  Very  rare  (1  genus;  2 species) 


C3 

C3 

C3  (few  C4) 


Subfamily  CHLORIDOIDEAE  (49  genera;  187  species) 


Very  rare  (6  genera;  25  species) 


C4  aspartate 


Subfamily  PANICOIDEAE  (72  genera;  261  species) 
Tribe  Paniceae  (30  genera;  159  species) 

Tribe  Arundinelleae  (5  genera:  14  species) 

Tribe  Andropogoneae  (39  genera;  88  species) 
Subtribe  Andropogoninae  (5  genera:  23  species) 
Subtribe  Anthistiriinae  (5  genera;  20  species) 
Subtribe  Sorghinae  (7  genera;  14  species) 
Subtribe  Rottboelliinae  (8  genera;  10  species) 
Subtribe  Tripsacinae  (2  genera;  4 species) 
Subtribe  Ischaeminae  (3  genera;  4 species) 
Subtribe  Coicinae  (1  genus;  1 species) 

Subtribe  Saccharinae  (7  genera;  II  species) 
Subtribe  Germainiinae  (1  genus;  1 species) 


Variable  (32  genera;  74  species) 

Very  rare  (3  genera;  6 species) 
Present  or  absent  (2  genera;  6 species) 
Present  or  absent  (27  genera;  62  species) 
Common  or  absent  (4  genera;  17  species) 
Common  throughout  (5  genera;  20  species) 
Common  or  absent  (5  genera;  9 species) 
Common  or  absent  (5  genera;  5 species) 
Absent 

Rare  (1  genus;  1 species) 

Absent 

Common  or  absent  (6  genera;  9 species) 
Present  (1  genus;  1 species) 


Variable 

C3,  C4  aspartate  and  malate 
C4  malate 
C4  malate 
C4  malate 
C4  malate 
C4  malate 
C4  malate 
C4  malate 
C4  rnalate 
C4  malate 
C4  malate 
C4  malate 
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POOIDEAE 

TLS  were  not  present  in  any  of  the  146  species  from 
47  genera  examined  in  this  study.  It  is  concluded  that 
epidermal  cells  with  TLS  do  not  occur  in  this  subfamily. 

ARUNDINOIDEAE 

In  this  study  35  species  from  three  genera  of  the 
Aristideae  were  surveyed  for  TLS.  No  evidence  for  their 
presence  was  found  and  they  are  considered  to  be  absent 
from  this  tribe.  However,  Rice  & Pancholy  (1973)  report 
detecting  low  levels  of  condensed  tannins  in  the  shoots 
of  Aristida  oligantha  from  North  America.  This  report 


needs  confirmation  as  this  finding  is  not  supported  by  ob- 
servations on  species  of  Aristida,  Stipagrostis  and  Sartidia 
from  southern  Africa. 

The  tribe  Arundineae  has  been  extensively  sampled  in 
this  study  with  135  species  from  19  genera.  In  this  fully 
representative  sample  of  the  southern  African  arundinoids, 
TLS  were  completely  absent  except  for  two  species  of 
Ehrharta — E.  dura  and  E.  microlaena  (Figure  1).  These 
are  two  closely  related  species  constituting  the  Dura 
species  group  (Gibbs  Russell  & Ellis  1988).  This  group, 
of  which  TLS  are  diagnostic,  appears  to  be  rather  isolated 
in  the  genus.  The  colour,  density  and  cellular  distribution 
of  the  contents  of  the  epidermal  cells  in  species  of  this 


FIGURE  1.  Ehrharta  (Arundinoideae:  Ehrharteae).  A-D,  E.  dura:  A,  all  abaxial  and  adaxial  intercostal  epidermal  cells  with  prominent,  darkly 
stained  bodies,  usually  dense  and  resinous  but  may  tend  to  granular  type  in  centre  of  bulliform  cell  groups;  B.  TLS  distribution  pattern 
very  similar  to  that  in  A,  note  that  TLS  substances  are  not  confined  to  or  concentrated  near  the  margin  but  are  evenly  distributed  across 
the  entire  leaf  width;  C,  dense,  amorphous  concentrations  of  TLS  in  all  abaxial  intercostal  long  cells,  TLS  are  absent  in  intercostal  short 
cells  but  may  be  present  in  the  costal  long  cells;  D,  TLS  absent  in  stomatal  cells  and  intercostal  short  cells  but  very  dense  accumulations 
in  most  intercostal  long  cells,  absent  in  costal  cell  files.  E— F,  E.  microlaena ; E,  leaf  blade  a solid  cylinder  with  adaxial  surface  reduced 
to  narrow  groove,  TLS  present  in  most  epidermal  cells;  F,  distribution  of  TLS  as  seen  in  surface  view  showing  presence  of  large,  dense 
deposits  in  all  cell  types  except  the  stomatal  subsidiaries.  Ellis  vouchers:  A,  4695\  B 5568 • C 5615  D 5457-  E F 5524  B C D E 
F,  X 250;  A,  X 400.  ’ ’ ’ ’ ’ ’ ’ 


group  (Figure  1)  is  consistent  with  that  observed  in  other 
taxa  with  TLS  and  it  appears  that  they  contain  the  same 
substance.  In  unstained  hand  sections  these  epidermal  cell 
contents  are  a light  orange  to  dark  red  colour.  TLS  may 
occur  in  all  epidermal  cells  except  the  stomatal  subsidiaries 
and  the  intercostal  short  cells.  Their  distribution  is  unusual 
in  that  there  is  no  apparent  concentration  towards  the  leaf 
margin,  a situation  which  is  often  found  in  other  taxa  with 
TLS  in  the  epidermis.  Their  presence  in  the  Dura  group 
undoubtedly  represents  a separate  and  independent 
evolution  of  this  feature  and  urges  caution  in  placing  too 
much  emphasis  on  the  possible  phylogenetic  importance 
of  the  possession  of  TLS.  Ehrharta  dura  and  E.  microlaena 
are  also  the  only  grasses  known  with  the  C3  photosyn- 
thetic pathway  which  also  have  TLS.  This  shows  that  the 
possession  of  TLS  is  not  positively  correlated  with  the  C4 
photosynthetic  pathway. 


Ehrharta 

dura  Nees  ex  Trin.  (Figure  1A— D)  7/7 

All  intercostal  long  cells,  both  adaxial  and  abaxial, 
always  contain  dense,  very  dark,  resinous  deposits.  These 
concentrated  deposits  also  occur  in  the  bulliform  cells  but 
not  in  the  stomatal  subsidiaries  and  costal  cells  (Figure 
ID).  A geophytic  species  from  the  mountains  of  the 
southern  Cape  in  Mountain  Fynbos  69  (Riviersonderend 
Mts)  and  more  commonly  eastwards  in  grassy  False 
Fynbos  70  (Langeberge,  Groot  Winterhoek  and  Outeniqua 
Mts).  C3. 

microlaena  Nees  ex  Trin.  (Figure  IE,  F)  2/2 

TLS  distribution  and  density  are  identical  to  that  of  E. 
dura  although  the  leaf  anatomy  is  entirely  different:  the 
leaf  forms  a solid  cylinder  with  the  laminae  greatly  reduced 
(Figure  IE).  A species  of  bogs  and  seeps  in  Mountain 
Fynbos  69  (Hex  River  Mts).  C3. 


CHLORIDOIDEAE 

A comprehensive  sample  of  49  genera  and  187  species 
belonging  to  this  subfamily  was  studied.  Epidermal  cells 
containing  TLS  are  very  rare  and  were  only  observed  in 
25  species  from  six  genera  (Table  1).  Even  when  present 
in  a species,  the  proportion  of  specimens  with  TLS  is  very 
low  and  little  taxonomic  importance  is  accorded  their 
presence  in  this  subfamily.  However,  certain  species  of 
Eragrostis  in  particular,  appear  to  be  capable  of  producing 
TLS  and  this  may  indicate  that  they  are  closely  related. 

Chlorideae 

In  this  tribe  only  Ctenium  concinnum  appears  to  pos- 
sess TLS  (Figure  2).  The  location  of  these  cellular 
inclusions  in  this  species  is  unique  in  that  they  are  most 
concentrated  in  the  costal  cells,  overlying  the  vascular 
bundles  and  not  the  intercostal  epidermal  cells  between 
the  bundles.  This  very  unusual  cellular  location  of  the  TLS 
may  indicate  a separate  origin  of  these  substances  in  this 
species. 


Ctenium 

concinnum  Nees  (Figure  2)  7/7 

Dark  granular  to  resinous  deposits  present  in  intercostal 
as  well  as  costal  long  cells  in  both  epidermides  (Figure 
2 A)  or  only  in  abaxial  epidermal  cells  (Figure  2B).  In 
surface  view  the  denser  nature  of  the  costal  deposits,  in 
the  costal  files  between  the  alternating  files  of  silica  bodies, 
is  clearly  evident  (Figure  2C— F).  This  concentration  of 
TLS  in  the  costal  zones  is  unique.  A species  of  open  grass- 
land collected  in  the  North-eastern  Sandy  Highveld  57 
(Ermelo  and  Steenkampsberg),  North-eastern  Mountain 
Sourveld  8 (Pilgrims  Rest  and  Barberton),  Piet  Retief 
Sourveld  63  (Athole  Research  Station),  Bankenveld  61 
(Delmas)  and  Highland  Sourveld  44  (Umtata).  A C4 
aspartate  forming  NAD-me  species. 

Sporoboleae 

Only  one  genus  of  this  tribe  was  studied,  namely 
Sporobolus.  Of  a total  of  32  species  examined  only  two 
species  were  observed  to  possess  TLS.  The  arrangement 
and  location  of  TLS  in  these  two  species  was  very 
different,  which  is  very  unusual  within  a genus.  This 
suggests  that  these  two  species  are  not  very  closely  related 
and  that  generic  delimitations  may  be  artificial. 

In  S.  fimbriatus  TLS  are  concentrated  in  the  lateral  parts 
of  the  leaf  blade  (Figure  3A,  B).  TLS  are  never  very 
common  in  this  species  and  are  always  confined  to  a few 
lateral  bulliform  groups.  This  lateral  arrangement  of  the 
TLS  in  bulliform  cells  is  the  most  common  arrangement 
found  in  the  Poaceae. 

S.  nervosus,  on  the  other  hand,  has  a most  unusual 
distribution  of  TLS  in  the  abaxial  epidermal  cells  (Figure 
3C— E).  The  cellular  inclusions  appear  to  occur  randomly 
in  the  intercostal  long  cells,  but  irregular  chains  of  cells 
with  TLS  may  be  present  scattered  throughout  the  abaxial 
epidermis.  This  unique  TLS  arrangement  in  S.  nervosus 
does  not  suggest  close  affinities  with  S.  fimbriatus  or  any 
other  chloridoid  grass  studied. 

Sporobolus 

fimbriatus  (Trin.)  Nees  (Figure  3A,  B)  10/10 

Only  the  extreme  lateral  bulliform  groups  contain 
granular  TLS  deposits,  but  these  always  appear  to  be 
present,  albeit  often  in  very  small  quantities  (Figure  3A, 
B).  A species  of  varied  habitat  from  coastal  sandveld  and 
lowveld  thornveld  to  grassland  and  even  karroid  vegetation 
types.  From  Coastal  Forest  1 (False  Bay,  Maputaland), 
Lowveld  10  (Pongola,  Limpopo  Valiev,  Zimbabwe),  Mopa- 
ni  Veld  15  (Punda  Maria),  Sourish  Mixed  Bushveld  19 
(Warmbaths),  Highland  Sourveld  to  Cymbopogon- 
Themeda  Veld  Transition  56  (Ficksburg),  Cymbopogon- 
Themeda  Veld  48  (Reitz)  and  False  Upper  Karoo  36 
(Ritchie).  C4  PEP-ck  type. 

nervosus  Hochst.  (Figure  3C  — E)  3/3 

Concentrated  black,  resinous  deposits  occur  scattered 
throughout  adaxial  and  abaxial  intercostal  zones.  No 
regular  pattern  of  arrangement  of  these  cells  is  evident  but 
the  TLS  concentrations  are  greatest  near  the  margins. 
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FIGURE  2. — Ctenium  continuum  (Chloridoideae:  Chlorideae).  A,  dark  granular  deposits  present  in  adaxial  and  abaxial  epidermal  cells,  the 
black  outer  bundle  sheath  cell  contents  are  an  artefact  caused  by  failure  to  remove  the  wax  completely  when  staining;  B,  specimen  with 
very  few  costal  epidermal  cells  with  dark  TLS;  C,  low  magnification  of  abaxial  epidermis  showing  regular  pattern  of  TLS  deposition  in 
the  costal  zones;  D,  detail  of  amorphous,  darker  deposits  in  alternating  files  of  costal  long  cells  and  lighter,  more  granular  deposits  in 
the  intercostal  long  cells;  E,  darkly-staining  long  cells  in  costal  zones  with  TLS;  F,  interference  contrast  illumination  to  enhance  the  resinous 
nature  of  the  costal  TLS  and  the  granular  nature  of  the  deposits  in  the  intercostal  zones.  Ellis  vouchers:  A,  C,  D,  3452:  E,  1849:  F,  1833. 
B,  Smook  4827.  C,  x 160;  B,  X 250;  A,  D,  E,  F,  x 400. 


A species  of  semi-desert  and  karroid  vegetation  with 
collections  from  Namibia.  C4  PEP-ck. 

Eragrostideae 

Only  four  genera  with  TLS  were  observed  in  this  tribe; 
Eragrostis,  Pogonarthria,  Stiburus  and  Triraphis.  TLS  are 
very  rare  in  this  tribe  and  were  not  present  in  17  other 
genera  studied.  In  Eragrostis  16  out  of  67  species  some- 
times had  TLS  and  they  were  irregular  in  occurrence  in 
Pogonarthria  and  Triraphis  as  well.  All  specimens  of 
Stiburus  studied  had  TLS  in  the  epidermal  cells. 
Eragrostis,  Pogonarthria  and  Stiburus  are  very  closely 
related  and  may  even  belong  to  the  same  genus  (Clayton 
& Renvoize  1986)  and  the  shared  possession  of  TLS 
appears  to  support  this  relationship. 


The  TLS  are  often  not  present  in  all  plants  of  these 
species  of  eragrostoid  grasses  and,  even  when  present,  they 
are  usually  restricted  to  the  extreme  lateral  bulliform  and 
epidermal  cells.  The  epidermal  cells  themselves  generally 
are  not  filled  with  TLS  deposits  but  granular  inclusions 
occur  only  around  the  cell  periphery.  Black,  resinous 
deposits  are  extremely  rare  in  this  tribe  with  some 
exceptions  being  a few  specimens  of  Eragrostis  chlorome- 
las  (Figure  5F),  E.  rotifer  (Figure  5A),  Pogonarthria 
squarrosa  (Figure  7A)  and  Stiburus  alopecuroides  (Figure 
8A). 

Notwithstanding  the  above,  certain  features  of  taxonomic 
relevance  are  evident  in  the  distribution  of  TLS  within  the 
genus  Eragrostis.  Thus  E.  lappula  (Figure  4A,  B),  E. 
inamoena  (Figure  4C,  D)  and  E.  hierniana  (Figure  4E), 
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all  of  which  belong  to  section  Lappula , possess  distinctive 
resinous  TLS  deposits  in  the  bulliform  cells,  which 
become  denser  and  more  concentrated  nearer  the  margin 
(Figure  4A— C).  The  TLS  in  these  species  are  distinctive 
because  the  deposits  are  most  concentrated  in  the  large 
central  cell  of  each  bulliform  fan  (Figure  4D,  E)  and  not 
the  lateral  cells  of  the  bulliform  group  which  is  more  usual 
in  most  other  grasses.  In  addition,  the  TLS  are  often 
located  around  the  periphery  of  this  central  bulliform  cell 
(Figure  4D).  These  species  of  section  Lappula  are 
morphologically  very  similar  and  share  similar  damp 
habitats  and  a classical  PEP-ck  type  C4  anatomy  (Ellis 
1977).  The  shared  possession  of  these  unusual  TLS 
deposits  supports  their  classification  in  the  same  section. 

The  photosynthetic  leaf  anatomy  and  ecology  of 
Eragrostis  gummiflua  suggests  that  it  also  belongs  to  this 
section  but  TLS  deposits  are  absent  in  this  species 
(Figure  4F).  This  supports  its  exclusion  from  section 
Lappula  (Chippindall  1955).  E.  patentissima  (Figure  6D) 
also  appears  to  belong  to  this  section  on  the  basis  of 
photosynthetic  anatomy  and  TLS  distribution. 

Most  of  the  other  Eragrostis  species  containing  TLS 
belong  to  the  group  of  species  with  anatomy  typical  of 
neither  the  PEP-ck  nor  the  NAD-me  C4  biochemical 
subtypes,  and  which  were  left  ungrouped  by  Ellis  (1977). 
In  these  species  neither  the  shape  of  the  outer  bundle 
sheath  cells  nor  the  positioning  of  the  Kranz  chloroplasts 
in  these  cells  are  typical  of  either  of  these  aspartate-forming 
C4  subtypes.  Prendergast  et  al.  (1986)  have  shown  that 
some  of  these  species  with  this  intermediate  type  of  photo- 
synthetic anatomy  are  in  fact  NAD-me  in  their  bio- 


chemistry and  this,  together  with  their  similar  TLS,  may 
indicate  close  affinities  between  them.  These  species  with 
intermediate  anatomy  are  not  all  placed  in  the  same  section 
of  the  genus  as  it  is  presently  constituted  and  this  lack  of 
congruency  between  the  anatomy  and  the  morphology  is 
suggestive  of  inadequacies  in  the  present  classification. 

The  patterns  of  distribution  of  TLS  in  these  species  is 
very  variable,  particularly  with  regard  to  their  occurrence 
in  the  central  cells  of  the  bulliform  fans  (Figure  5).  TLS 
are  also  often  not  evenly  distributed  across  the  leaf  blade 
(Figure  5B).  Examples  of  species  in  this  group  are:  E. 
bicolor  (Figure  5C,  D),  E.  caesia,  E.  chloromelas  (Figure 
5F),  E.  habrantha  (Figure  6E,  F),  E.  heteromera,  E. 
micrantha , E.  planiculmis,  E.  racemosa,  E.  rotifer  (Figure 
5A,  B),  E.  sclerantha  and  E.  stapfii  (Figure  5E).  All  of 
these  species  sometimes  have  sooty  inclusions  in  the  lateral 
bulliform  cells  and  the  abaxial  intercostal  long  cells.  Very 
rarely  are  these  deposits  as  well  developed  as  those 
illustrated  in  Figure  5.  A notable  exception  is  E.  curvula 
which  lacks  TLS  entirely  but  undoubtedly  belongs  with 
this  group  of  species  on  the  basis  of  biochemistry, 
photosynthetic  anatomy  and  overall  leaf  structure. 
However,  the  occurrence  of  TLS  in  this  group  is  not 
consistent,  with  many  specimens  lacking  them  altogether 
and,  therefore,  E.  curvula  cannot  be  excluded  on  this  basis. 

Eragrostis 

bicolor  Nees  (Figure  5C,  D)  2/7 

Black,  granular  or  resinous  deposits  seldom  present  in 
abaxial  and  adaxial  intercostal  long  cells  excluding  the 


FIGURE  3 ,—Sporobolus  (Chloridoideae:  Sporoboleae).A-B,  5.  fimbriatus : A,  extreme  lateral  bulliform  cell  group  with  TLS  (arrowed);  B,  TLS 
only  present  in  the  most  lateral  bulliform  cell  group  (arrowed),  absent  from  abaxial  epidermis.  C— E,  S.  nervosus : C,  long  cells  in  centre 
of  abaxial  intercostal  zones  with  TLS  (arrowed),  these  more  common  laterally;  D,  irregularly  located  abaxial  and  adaxial  intercostal  long 
cells  with  dark,  resinous  deposits;  E,  abaxial  epidermis  in  surface  view  showing  irregular  location  of  intercostal  epidermal  cells  with  TLS, 
the  cells  with  TLS  are  either  isolated  or  form  irregular  chains.  Ellis  vouchers:  A,  3565,  B,  4074',  D,  E,  902.  C,  Smook  2796.  A,  B.  X 
100;  E,  x 160;  C,  D,  x 400. 
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FIGURE  4. — Eragrostis  (Chloridoideae:  Eragrostideae)  section  Lappula.  A— B,  E.  lappula : A,  location  of  TLS  in  laterally  situated  bulliform 
cell  groups;  B,  TLS  progressively  more  concentrated  in  bulliform  cells  towards  the  leaf  margin.  C— D,  E.  inamoena:  C.  leaf  outline  with 
laterally  concentrated  TLS;  D,  detail  of  darkly-staining  peripheral  deposits  in  central  cells  of  bulliform  fans.  E,  E.  hierniana,  with  dense 
resinous  deposits  in  the  central  cell  of  lateral  bulliform  groups.  F,  E.  gummiflua , although  overall  leaf  anatomy  similar  to  that  of  section 
Lappula , TLS  absent.  Ellis  vouchers:  A,  815;  B,  1340;  C,  3423;  D,  154;  E,  1356;  F,  5240.  A,  B,  C,  x 100;  D.  E,  F.  x 400. 


central  bulliform  cells  (Figure  5C).  A tufted  perennial 
from  the  drier  interior  of  southern  Africa,  usually  in 
seasonally  moist  habitats.  Specimens  with  TLS  were  seen 
from  Arid  Sweet  Bushveld  14  (Tuli  Block)  and  Pan  Turf 
Veld  51  (Dealsville),  and  those  without  from  Kalahari 
Thornveld  16  (Gemsbok  Park),  Kalahari  Thornveld  invad- 
ed by  Karoo  17  (Griquatown),  False  Upper  Karoo  36 
(Luckhoff)  and  the  pre-Namib  in  Namibia.  C4  NAD-me 
type,  but  those  specimens  with  TLS  with  intermediate 
anatomy  (Ellis  1977). 


caesia  Stapf  6/8 

Small  amounts  of  granular  epidermal  cell  inclusions 
were  evident  only  in  laterally  situated  bulliform  cell 
groups.  A species  of  sour  mountain  grassland.  From 
North-eastern  Mountain  Sourveld  8 (Pilgrims  Rest  and 
Lydenburg),  North-eastern  Sandy  Highveld  57 
(Steenkampsberg)  and  Highland  Sourveld  44  (Cathedral 


Peak  and  Giants  Castle).  Specimens  without  TLS  also 
from  Highland  Sourveld  44  (Cathedral  Peak  and  Giants 
Castle).  C4  photosynthetic  anatomy  intermediate  between 
NAD-me  and  PEP-ck  types. 


capensis  (Thunb.)  Trin.  (Figure  6A,  B)  6/13 

Black  granular  to  resinous  deposits  sometimes  visible 
in  lateral  bulliform  cell  groups  only  (Figure  6A,  B).  A 
widespread  grassland  species  widely  sampled  in  this  study. 
Specimens  with  TLS  from  Coastal  Forest  1 (Pondoland), 
Eastern  Province  Thornveld  7 (Komga),  North-eastern 
Mountain  Sourveld  8 (Wolkberg),  Highland  Sourveld  44 
(Mooi  River)  and  Bankenveld  61  (Pretoria  and  Bronkhorst- 
spruit).  Specimens  lacking  TLS  from  similar  veld  types 
such  as  Coastal  Forest  1 (Maputaland),  Highland  Sour- 
veld 44  (Majuba  Pass,  Howick  and  Qachas  Nek).  C4 
NAD-me  anatomical  type  with  centripetal  chloroplasts  in 
regular  Kranz  of  outer  bundle  sheath  cells. 
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chloromelas  Steud.  (Figure  5F)  5/8 

Dark  resinous  deposits  in  adaxial  bulliform  cell  groups, 
usually  more  prevalent  laterally.  A widespread  grassland 
species  from  Highland  Sourveld  8 (Qachas  Nek), 
Cymbopogon-Themeda  Veld  48  (Hobhouse  and  Marquard) 
and  Bankenveld  61  (Pretoria  and  Bronkhorstspruit). 
Specimens  without  TLS  all  from  Bankenveld  61  (Pretoria). 
Photosynthetic  anatomy  C4  but  intermediate  between 
NAD-me  and  PEP-ck  types. 

habrantha  Rendle  (Figure  6E,  F)  1/2 

Black,  granular  inclusions  in  abaxial  intercostal  long 
cells  and  adaxial  bulliform  cells  (Figure  6E,  F).  A species 


of  Lowveld  10  (Kruger  National  Park)  on  poor,  shallow 
soils.  C4  anatomy  intermediate  between  NAD-me  and 
PEP-ck  types. 

heteromera  Stapf  3/8 

Intercostal  long  cells  adjacent  to  the  bulliform  cell 
groups  may  sometimes  have  dark  inclusions,  either 
granular  or  in  the  form  of  droplets.  A species  of  damp 
habitats,  often  in  heavy  turf  soils  in  bushveld  communi- 
ties. Specimens  from  Sourish  Mixed  Bushveld  19 
with  (Potgietersrust)  or  without  (Hartebeespoort)  TLS. 
Specimens  from  Springbok  Flats  Turf  Thornveld  12  also 
with  (Onderstepoort)  and  without  (Warmbaths). 
Specimens  from  Lowveld  10  (Kruger  Park,  Sabie  Sand 


FIGURE  5. — Eragrostis  (Chloridoideae:  Eragrostideae),  species  with  intermediate  photosynthetic  anatomy.  A— B,  E.  rotifer:  A,  dark,  resinous 
deposits  in  abaxial  intercostal  cells  as  well  as  in  the  cells  adjoining  the  central  bulliform  cell  which  does  not  contain  TLS;  B,  abaxial 
epidermis  with  TLS  in  intercostal  long  cells  but  not  stomatal  subsidiaries,  distribution  of  TLS  uneven  across  leaf  width  and  length.  C— D, 
E.  bicolor:  C,  similar  cellular  distribution  to  E.  rotifer  (A,  B)  but  deposits  granular  and  not  resinous;  D,  resinous  inclusions  in  all  inter- 
costal long  cells.  E,  E.  stapfii  with  central  cells  of  bulliform  fans  with  resinous  TLS.  F,  E.  chloromelas  with  dense  adaxial  deposits  except 
in  the  central  bulliform  cells  where  they  are  granular  or  absent.  Ellis  vouchers:  A,  B,  4521 ; C,  D,  1319\  E,  1352.  F,  Smook  2056.  A,  B, 
X 250;  C,  D,  E,  F,  X 400. 
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FIGURE  6. — Eragrostis  (Chloridoideae:  Eragrostideae).  A— B,  E.  capensis:  A,  TLS  clearly  visible  in  lateral  bulliform  cells:  B.  detail  of  TLS 
in  central  cells  of  lateral  bulliform  cell  groups;  note  typical  NAD-me  chloroplast  and  outer  bundle  sheath  cell  configuration.  C,  E.  pseudo- 
sclerantha  with  typical  NAD-me  anatomy  and  TLS  in  laterally  situated  bulliform  cells.  D.  E.  patentissima  with  anatomy  and  TLS  very 
similar  to  that  of  the  Lappula  group.  E— F,  E.  habrantha : E,  TLS  clearly  visible  in  abaxial  intercostal  cells  as  well  as  in  the  adaxial  inter- 
costal cells  adjacent  to  the  bulliform  cells;  note  that  the  photosynthetic  anatomy  is  clearly  of  the  intermediate  type;  F,  darkly  staining  bodies 
present  in  intercostal  long  cells,  note  that  density  of  the  TLS  varies  between  cells.  Ellis  vouchers;  A,  B,  755;  C,  75/7;  E,  F,  3207.  D,  Smook 
4821.  A,  C,  x 100;  D,  x 250;  B,  E,  F,  x 400. 


and  Mkuze)  all  without  TLS.  Intermediate  C4  anatomy 
with  variable  chloroplast  position  and  slightly  inflated 
bundle  sheath  cells. 

inamoena  K.  Schum.  (Figure  4C,  D)  10/15 

Dark,  sooty  or  granular  deposits  commonly  present  in 
the  bulliform  cells,  particularly  those  nearer  the  leaf 
margin.  The  central  cell  of  the  bulliform  fans  usually  with 
the  greatest  accumulation  of  TLS  which  are  also  often 
concentrated  around  the  cell  periphery  (Figure  4D).  A 
strongly  rhizomatous  species  of  damp  habitats  in  either 
sandy  or  clayey  soils.  May  also  occur  in  disturbed  areas 
such  as  ploughed  lands.  Specimens  from  Coastal  Forest 
1 (Maputaland,  St  Lucia  and  Natal  South  Coast)  with 
greatest  TLS  concentrations.  Also  present  in  specimens 


from  Lowveld  10  (Sabie  Sand),  Sourish  Mixed  Bush- 
veld  19  (Nylsvley  and  Cullinan)  and  Bankenveld  61 
(Pretoria).  No  TLS  in  specimens  from  Springbok  Flats 
Turf  Thornveld  12  (Warmbaths)  or  the  eastern  Caprivi 
on  the  Quando  River  floodplain.  C4  PEP-ck  photosyn- 
thetic anatomy  although  probably  NAD-me  biochemistry 
(Prendergast  et  al.  1986). 

lappula  Nees  (Figure  4A,  B)  6/10 

Lateral  bulliform  cells  often  with  dense  accumulations 
of  black,  granular  or  sooty  deposits  (Figure  4B).  Central 
cells  of  bulliform  fans  also  contain  TLS.  A variable  species 
usually  from  moist  localities.  Coastal  Forest  1 (St  Lucia) 
specimens  with  dense  TLS  but  also  in  specimens  from 
Sourish  Mixed  Bushveld  19  (Nylsvley)  and  Bankenveld  61 
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(Pretoria).  Specimens  without  TLS  from  Arid  Lowveld 
11  (Ofcalaco),  Mixed  Bushveld  18  (Loskop  Dam)  and 
eastern  Caprivi.  C4  PEP-ck  type  photosynthetic  anatomy. 

micrantha  Hack.  3/4 

Dark,  coarse,  sooty  deposits  in  adaxial  bulliform  cells 
and  abaxial  intercostal  long  cells.  From  shallow,  damp 
soils  in  Kalahari  Thomveld  16  (Vryburg)  and  Pan  Turf  Veld 
51  of  western  Free  State  (Frankfort).  Specimen  from 
North-eastern  Sandy  Highveld  57  (Lake  Chrissie)  without 
TLS.  Intermediate  photosynthetic  anatomy. 

patentissima  Hack.  (Figure  6D)  2/5 

Small  amounts  of  black,  sooty  material  sometimes 
present  in  a few  lateral  bulliform  cells  only.  A sour 
grassland  species  with  specimens  from  North-eastern 
Mountain  Sourveld  8 (Lydenburg)  and  North-eastern 
Sandy  Highveld  57  (Steenkampsberg)  with  TLS  but  absent 
from  other  specimens  in  same  veld  types  (Belfast,  Lake 
Chrissie,  Ermelo)  as  well  as  Natal  Mist  Belt  ’Ngongoni 
Veld  45  (Howick).  C4  PEP-ck  anatomy. 

planiculmis  Nees  1/3 

Black,  sooty  deposits  rarely  visible  in  lateral  bulliform 
fans.  A species  of  grassland  vleis.  TLS  in  a Bankenveld 
61  (Pretoria)  specimen  but  absent  from  Sourish  Mixed 
Bushveld  19  (Nylsvley)  and  Highland  Sourveld  44a 
(Stutterheim).  Intermediate  photosynthetic  anatomy. 

pseudosclerantha  Chiov.  (Figure  6C)  5/6 

Granular  accumulations  in  bulliform  cell  groups  in 
margin  only.  A creeping  perennial  of  physically  disturbed 
habitats.  Specimens  with  TLS  from  Bankenveld  61 
(Pretoria),  Sourish  Mixed  Bushveld  19  (Hartebeespoort, 
Roodeplaat)  and  Piet  Retief  Sourveld  63  (Piet  Retief).  A 
Southern  Tall  Grassveld  65  (Charlestown)  specimen 
without  TLS.  C4  NAD-me  anatomy. 

racemosa  (Thunb.)  Steud.  8/15 

Small  amounts  of  black,  sooty  substances  sometimes 
evident  in  lateral  bulliform  cell  groups  and  very  rarely  in 
abaxial  long  cells.  Widespread  from  sour  grassland  and 
bushveld  habitats  but  TLS  occurrence  not  associated  with 
any  particular  veld  types.  Present  in  specimens  from  High- 
land Sourveld  44  (Dohne,  Qachas  Nek),  North-eastern 
Sandy  Highveld  57  (Wakkerstroom),  Bankenveld  61 
(Pretoria),  Sourish  Mixed  Bushveld  19  (Cullinan)  and  Sour 
Bushveld  20  (Nylstroom).  Absent  in  specimens  from 
similar  vegetation  types  such  as  Highland  Sourveld  44 
(Franklin,  Giants  Castle,  Majuba),  Bankenveld  61 
(Pretoria,  Bronkhorstspruit),  Sourish  Mixed  Bushveld  19 
(Roodeplaat)  and  Mixed  Bushveld  18  (Bandolierkop). 
Intermediate  photosynthetic  anatomy. 

rotifer  Rendle  (Figure  5A,  B)  1/12 

Black,  resinous  substance  present  in  cells  adjacent  to 
the  bulliform  cell  groups  as  well  as  abaxial  intercostal  long 
cells  in  one  specimen  only  (Figure  5A,  B).  This  specimen 


possibly  better  accommodated  under  E.  heteromera.  A 
species  of  stream  banks  and  moist  depressions.  Only 
specimen  from  Coastal  Forest  1 (Mkuze)  with  very  distinct 
TLS.  Absent  in  all  others  from  veld  types  such  as  Lowveld 
10  (Lower  Sabie),  Arid  Lowveld  11  (Hoedspruit),  Mixed 
Bushveld  18  (Loskop  Dam),  Kalahari  Thomveld  16 
(Olifantshoek),  Orange  River  Broken  Veld  32  (Kenhardt) 
as  well  as  from  specimens  from  Namibia,  Botswana  and 
Zimbabwe.  Intermediate  photosynthetic  anatomy. 

sclerantha  Nees  4/8 

Sooty  deposits  sometimes  visible  in  laterally  located 
bulliform  cells  and  very  rarely  in  abaxial  epidermal  long 
cells.  From  sour  grassland  and  bushveld  habitats.  TLS 
presence  not  correlated  with  veld  type.  Specimens  with 
TLS  from  North-eastern  Mountain  Sourveld  8 (Magoebas- 
kloof).  North-eastern  Sandy  Highveld  57  (Steenkamps- 
berg, Lake  Chrissie)  and  Sourish  Mixed  Bushveld  19 
(Hartebeespoort).  Specimens  without  TLS  from  same  veld 
types  from  Sabie,  Steenkampsberg  and  Zoutpan.  Inter- 
mediate photosynthetic  anatomy. 

stapfii  De  Winter  (Figure  5E)  3/3 

Sooty  inclusions  in  lateral  or  in  most  bulliform  cell 
groups  (Figure  5E).  When  TLS  common,  contents  much 
more  resinous  than  when  only  a few  cells  with  TLS.  A 
grassland  species  of  rocky,  shallow  soils.  From  Highland 
Sourveld  to  Cymbopogon-Themeda  Veld  Transition  56 
(Ficksburg)  and  Sourish  Mixed  Bushveld  19  (Zoutpan, 
Rustenburg).  C4  NAD-me  anatomy  but  bundle  sheath 
cells  may  be  slightly  inflated. 

Pogonarthria 

fleckii  (Hack.)  Hack.  (Figure  7C,  D)  3/6 

Granular  or  resinous  deposits  in  adaxial  cells  adjoining 
the  bulliform  cells  and  more  rarely,  in  the  abaxial  inter- 
costal long  cells,  particularly  the  interstomatal  long  cells 
(Figure  7D).  An  annual  from  lowveld  thomveld  in 
northern  Namibia.  C4  NAD-me. 

squarrosa  (Roem.  & Schult.)  Pilg.  (Figure  7A,  B)  10/11 

Black,  granular  deposits  often  present  in  adaxial  inter- 
costal long  cells  adjoining  the  bulliform  groups.  When 
concentrated  these  may  appear  resinous  (Figure  7A)  but 
they  are  more  often  granular  and  peripherally  located.  A 
sour  bushveld  species,  often  in  shallow  soils.  From  High- 
land Sourveld  to  Cymbopogon-Themeda  Veld  Transition 
56  (Ficksburg),  Bankenveld  61  (Pretoria),  Sourish  Mixed 
Bushveld  19  (Roodeplaat),  Sour  Bushveld  20  (Warmbaths, 
Potgietersrust)  and  miombo  woodland  (Harare).  Specimen 
without  TLS  from  Lowveld  10  (Lower  Sabie).  C4  NAD- 
me  anatomical  type. 

Stiburus 

alopecuroides  (Hack.)  Stapf  (Figure  8A)  6/6 

Sooty  contents  or  large  droplets  always  present  in  adaxial 
bulliform  cells,  often  across  die  entire  leaf  width.  Greatest 
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FIGURE  7. — Pogonarthria  (Chloridoideae;  Eragrostideae).  A— B,  P.  squarrosa:  A,  TLS  common  in  adaxial  long  cells  adjoining  bulliform  cell 
groups;  B,  detail  of  sooty  to  resinous  deposits  in  adaxial  epidermal  cells  except  the  central  cells  of  bulliform  fans.  C— D,  P.  fleckii : TLS 
common  on  adaxial  surface  adjacent  to  the  bulliform  groups,  much  less  visible  in  abaxial  long  cells;  D,  specimen  with  TLS  deposits  clearly 
visible,  most  conspicuous  in  the  interstomatal  long  cells.  A,  Loxton  & Ellis  955;  B,  Ellis  2089',  C,  Smook  5150',  D,  Smook  5077.  A,  x 
160;  C,  D,  x 250;  B,  x 400. 


concentration  in  central  cell  of  bulliform  fan  (Figure  8A). 
A species  of  seepage  areas  in  mountainous  grassland. 
Collections  examined  from  North-eastern  Mountain  Sour- 
veld  8 (Graskop,  Mac-Mac  Fools,  Long  Tom  Pass),  North- 
eastern Sandy  Highveld  57  (Belfast,  Steenkampsberg)  and 
Bankenveld  61  (Middelburg).  Photosynthetic  anatomy  of 
the  intermediate  type. 

conrathii  Hack.  (Figure  8B)  2/2 

Bulliform  cells  with  sooty  contents  (Figure  8B).  Similar 
to  S.  alopecuroides  and  also  from  North-eastern  Sandy 
Highveld  57  (Steenkampsberg).  Intermediate  C4  anatomy. 

Triraphis 

andropogonoides  (Steud.)  Phil.  2/6 

Granular  accumulations  are  sometimes  present  in  the 
bulliform  cells.  A bushveld  species  of  rocky  habitats. 
Specimens  with  TLS  from  Cymbopogon-Themeda  Veld  48 
(Dewetsdorp)  and  Petersburg  Plateau  False  Grassveld  67 
(Petersburg).  Specimens  without  from  Sourish  Mixed 
Bushveld  19  and  Sour  Bushveld  20  (Potgietersrust).  C4 
PEP-ck. 

PANICOIDEAE 


Andropogoneae  and  Arundinelleae  were  found  to  contain 
TLS,  they  are  extremely  rare  in  the  Paniceae  where  only 
six  species  out  of  159  were  positive  for  TLS.  Their 
distribution  in  the  Panicoideae  is  therefore,  not  uniform 
but  closely  follows  tribal  divisions. 

Paniceae 

A fully  representative  sample  of  30  genera  and  159 
species  was  examined  but  only  revealed  six  species  from 
three  genera  with  TLS.  Even  in  these  species  TLS  are 
exceptional  and  possibly  are  only  produced  in  response 
to  pathogens  or  injury.  No  regular  pattern  of  arrangement 
is  discernible  and  instead,  the  cells  with  TLS  appear  to 
be  restricted  to  isolated  areas  located  irregularly  in  the 
leaf  epidermis  as  in  Figure  11B.  The  presence  of  TLS 
in  this  tribe  appears  to  be  incidental,  in  response  to 
extraneous  factors  and  is  consequently,  not  considered  to 
be  taxonomically  meaningful.  Thus  only  two  species  of 
Digitaria  (Figure  9),  three  of  Echinochloa  (Figure  10)  and 
one  specimen  of  Panicum  coloratum  (Figure  11)  showed 
signs  of  TLS  deposition.  In  none  of  these  taxa  were  the 
TLS  deposits  dark  and  resinous  but  they  tended  to  be 
granular  instead.  It  is,  therefore,  concluded  that  TLS  are 
basically  absent  from  the  Paniceae  in  southern  Africa. 

Paspalum  gardnerianum  from  Panama  in  Central  America 
(Figure  12)  is  the  only  member  of  the  Paniceae  in  this 
entire  study  which  has  dense  resinous  TLS  deposits  in 
virtually  all  epidermal  cells,  both  adaxial  and  abaxial  and 


TLS  reach  their  maximum  degree  of  development  in  the 
Panicoideae  where  they  were  recorded  in  32  genera  and 
75  species.  Whereas  the  vast  majority  of  species  in  the 
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FIGURE  8. — Stiburus  (Chloridoideae:  Eragrostideae).  A,  S.  alope- 
curoides,  dense  TLS  deposits  in  the  central  cells  of  bulliform 
fans.  B,  S.  conrathii , interference  contrast  illumination  showing 
granular  nature  of  deposits.  A,  Ellis  492 ; B,  De  Winter  9399. 
A,  B,  x 400. 


including  the  stomatal  subsidiaries.  P.  gardnerianum  is  the 
only  species,  from  a sample  of  24  New  World  Paspalum 
species,  which  exhibits  these  dense  black  deposits. 


Rice  & Pancholy  (1973)  report  the  presence  of  condensed 
tannins  in  the  shoots  and  roots  of  Panicum  virgatum  from 
the  prairies  of  North  America.  However,  anatomical 
studies  of  material  of  this  species  from  Kew  Gardens 
record  no  TLS. 

Digitaria 

debilis  (Desv.)  Willd.  (Figure  9A-B)  3/7 

Coarse,  granular  deposits  sometimes  visible  in  abaxial 
intercostal  long  cells  in  surface  view  (Figure  9B)  and  trans- 
verse section  (Figure  9A).  These  deposits  never  fill  cell 
lumens  and  are  not  resinous  but  markedly  particulate. 
Deposits  present  on  two  specimens  from  Mixed  Bushveld 
18  (Loskop  Dam)  and  one  from  Lowveld  Sour  Bushveld 
9 (Barberton).  Absent  from  material  from  Wambiya  sand- 
veld  (Punda  Maria)  and  eastern  Capri vi.  C4  NADP-me. 

diversinervis  (Nees)  Stapf  (Figure  9C— D)  2/5 

Granular,  particulate  inclusions  sometimes  present  in 
abaxial  epidermal  long  cells  (Figure  9C,  D).  These  sub- 
stances never  appear  black  and  resinous  but  tend  to  be 
almost  crystalline  and  refractive.  All  collections  from 
Coastal  Forest  1 with  material  from  Durban  and  eastern 
shores  of  Lake  St  Lucia  with  granular  deposits  but  absent 
from  Natal  South  Coast  specimens.  C4  NADP-me. 

Echinochloa 

colona  (L.)  Link  (Figure  10A— D)  3/18 

Granular  inclusions  rarely  present  in  abaxial  intercostal 
long  cells  (Figure  10C,  D).  Tend  to  be  concentrated  near 


FIGURE  9.  — Digitaria  (PanicoideaetPaniceae).  A-B,  D.  debilis : A,  small  quantities  of  darkly  staining  cell  inclusions  visible  in  abaxial  and  adaxial 
epidermal  cells,  both  costal  and  intercostal;  B,  in  surface  view  these  substances  are  visible  as  sooty  or  granular  deposits  in  the  long  cells. 
C— D,  D.  diversinervis:  C,  minute  quantities  of  cellular  inclusions  in  abaxial  long  cells  only;  D,  granular,  slightly  crystalline  inclusions 
in  most  intercostal  long  cells.  Ellis  vouchers:  A,  2064\  B,  1 303\  C,  D,  4427.  A,  B,  C,  D,  x 400. 
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FIGURE  10 .—Echinochloa  (Panicoideae:  Paniceae).  A— D,  E.  colona:  A,  dark  epidermal  cell  contents  in  extreme  leaf  margin  only;  B,  specimen 
without  TLS  in  epidermal  cells;  C,  granular  material  evident  just  beneath  periclinal  walls;  D,  granular  deposits  concentrated  around  inter- 
costal cell  periphery  and  in  papillae.  E— F,  E.  pyramidalis:  E,  peripherally  concentrated  granular  deposits  in  adaxial  and  abaxial  long  cells 
except  the  bulliform  cells;  F,  granular  contents  in  intercostal  long  cells  being  concentrated  in  the  papillae.  Ellis  vouchers:  A,  3892;  B, 
3848;  D,  2908;  E,  F,  3555.  C,  Smook  5227.  A,  x 250;  B.  C,  D,  E,  F,  x 400. 


or  in  the  papillae.  Not  visible  in  transverse  section  (Figure 
10B)  except  sometimes  in  association  with  the  leaf  margin 
(Figure  10A).  A widely  distributed  species  of  wet  habitats 
with  collections  from  throughout  southern  Africa  included 
in  this  study.  Specimens  with  TLS  appear  to  indicate 
pathogenic  material.  C4  NADP-me. 

holubii  (Stapf)  Stapf  2/8 

Granular  deposits  rare  in  abaxial  epidermal  cells.  Tend 
to  be  concentrated  in  papillae.  A true  hydrophyte  of 
seasonally  inundated  habitats.  Both  specimens  with 
granular  deposits  from  Nylsvley  but  other  specimens  from 
the  same  locality,  as  well  as  elsewhere,  without.  C4 
NADP-me. 

pyramidalis  (Lam.)  Hitchc.  & Chase  (Figure  10E-F)  1/6 

Dark,  granular  inclusions  very  rarely  present  around 
the  periphery  of  the  epidermal  cells  as  seen  in  transverse 


section  (Figure  10E).  In  surface  view  these  deposits  are 
seen  to  be  concentrated  in  the  papillae  (Figure  10F).  A 
hydrophyte  of  swamps  with  a single  specimen  from  Nsumu 
Pan,  Mkuze  with  these  granular  inclusions.  Other 
specimens  from  St  Lucia  and  the  eastern  Caprivi  without 
epidermal  cell  deposits.  C4  NADP-me. 


Panicum 

coloratum  L.  (Figure  11)  1/19 

Resinous  contents  very  rarely  present  in  abaxial  inter- 
costal long  cells.  Concentrations  variable  in  different  parts 
of  the  blade  (Figure  11B).  Not  visible  in  transverse  section 
(Figure  11A).  The  single  specimen  with  TLS  appears  to 
be  pathogenic  material  collected  in  Mopani  Veld  15  in 
Botswana.  C4  NAD-me. 


18 


Arundinelleae 


A tribe  in  which  six  species  from  two  of  the  five  genera 
studied  have  large  numbers  of  epidermal  cells  containing 
TLS.  They  are  present  in  all  species  of  Loudetia  studied, 
where  the  TLS  distribution  patterns  differ  considerably 
between  species.  Thus  L.  simplex  and  L.  flavida , two 
morphologically  very  similar  species,  have  very  different 
TLS  distribution  patterns  as  a comparison  of  Figures  15 
and  17  will  clearly  show.  L.  simplex  (Figure  17)  only  has 
TLS  in  the  central  cells  of  all  bulliform  cell  groups  and 
in  L.  flavida  (Figure  15)  they  are  present  in  all  epider- 
mal cells  except  the  bulliform  cells.  This  genus  is 
recommended  for  further  study  as  to  the  chemical  nature 
of  the  TLS  due  to  the  consistent  presence  of  large  numbers 
of  epidermal  cells  with  dense,  black  deposits. 

TLS  were  not  observed  in  three  genera  of  the  Arundi- 
nelleae: Arundinella  (Figure  13),  Danthoniopsis  (Figure 
14)  and  Trichopteryx  (Figure  18).  Arundinella  and 
Trichopteryx  share  the  unique  Kranz  distinctive  cells  which 
are  restricted  to  this  tribe  and  they  appear  to  be  reduced 
vascular  strands  lacking  xylem  and  phloem.  These  two 
genera  are  grouped  close  together  (Clayton  & Renvoize 
1986)  and  the  absence  of  TLS  appears  to  support  this 
relationship. 

Danthoniopsis,  on  the  other  hand,  also  does  not  have 
TLS  (Figure  14)  but  lacks  distinctive  cells  and  belongs  with 
the  loudetioid  genera  where  TLS  presence  is  variable, 
being  consistently  present  in  Loudetia  but  variable  in 
Tristachya.  T.  leucothrix  (Figure  19A— D),  T.  lualabaensis 


FIGURE  11. — Panicum  (Panicoideae:  Paniceae).  A— B,  P.  coloratum: 
A,  tranverse  section  showing  absence  of  granular  or  resinous 
inclusions  in  any  epidermal  cells;  B,  some  long  cells  with  dark 
resinous  contents  but  these  not  uniform  across  leaf  blade.  A,  B, 
Ellis  2912.  A,  B,  x 400. 


FIGURE  12. — Paspalum  (Panicoideae:  Paniceae).  A— B,  P.  gardneria- 
num:  A,  virtually  all  epidermal  cells  with  dense  resinous  deposits, 
concentration  of  TLS  in  region  of  leaf  margin  not  evident;  B, 
surface  view  showing  TLS  deposits  in  all  intercostal  epidermal 
cells,  including  the  subsidiary  cells.  A,  B,  Davidse  25072.  A, 
B,  x 250. 

(Figure  19E)  and  T.  superha  (Figure  19F)  have  TLS  but 
they  were  not  observed  in  T.  biseriata  and  T.  rehmannii 
(Figure  20).  However,  anatomical  resemblances  exist 
between  these  Tristachya  species  without  TLS  and  some 
of  the  species  of  Danthoniopsis  which  also  do  not  have 
TLS.  D.  dinteri  (Figure  14A,  B)  thus  resembles  T. 
rehmannii  (Figure  20C,  D)  very  closely  in  leaf  anatomy, 
and  D.  pruinosa  and  D.  ramosa  link  the  genus  to  Loudetia 
(Clayton  & Renvoize  1986).  Tristachya  also  intergrades 
with  Loudetia  anatomically  and  L.  pedicellata  (Figure  16) 
and  T.  lualabaensis  and  T.  superba  (Figure  19E,  F)  are 
indistinguishable  by  means  of  leaf  anatomy  and  their  TLS 
deposits  appear  to  be  identical. 

The  overall  leaf  anatomy  suggests  that  present  generic 
delimitations  in  the  Arundinelleae  may  be  artificial.  The 
taxonomy  of  this  group  remains  exceedingly  difficult  and 
generic  concepts  and  relationships  remain  controversial, 
and  the  lack  of  correlation  between  spikelet  and  anatomical 
characters  makes  an  assessment  of  the  taxonomic 
importance  of  TLS  in  the  Arundinelleae  very  difficult 
indeed. 

Arundinella 

nepalensis  Trin.  (Figure  13)  0/8 

No  TLS  observed  anywhere  on  any  specimen.  A 
hygrophilous  species  of  streambanks  and  vleis,  occurring 
in  a wide  range  of  veld  types.  Material  examined  from 
Springbok  Flats  Turf  Thornveld  12  (Onderstepoort), 
Bankenveld  61  (Pretoria  and  Johannesburg),  North-eastern 
Sandy  Highveld  57  (Wakkerstroom),  Highland  Sourveld 
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FIGURE  13. — Arundinella  (Panicoideae:  Arundinelleae).  A— B,  A. 
nepalensis : A,  transection  of  blade  showing  distinctive  cells  in 
the  mesophyll,  note  absence  of  TLS  in  the  epidermis;  B,  abaxial 
epidermis  with  no  deposits  visible  in  any  of  the  epidermal  cell 
types.  Ellis  vouchers:  A,  1617:  B.  1218.  A,  B,  x 400. 

44  (Cathedral  Peak  and  Stutterheim),  miombo  woodland 

(Louwsberg)  and  Coastal  Forest  1 (Natal  South  Coast). 

C4  NADP-me 


Danthoniopsis 

dinteri  (Pilg.)  C.E.  Hubb.  (Figure  14A,  B)  0/7 

TLS  absent.  An  annual  restricted  to  dry,  rocky  habitats 
in  lowveld  bushveld  in  Mopani  Veld  15  (Shingwidsi, 
Etosha  Pan,  Khorixas)  and  Sourish  Mixed  Bushveld  19 
(Zoutpansberg  and  Strydom  Tunnel).  C4  NADP-me. 

parva  (J.B.  Phipps)  Clayton  0/2 

TLS  absent.  A species  of  rock  crevices  in  Sourish  Mixed 
Bushveld  19  (Zoutpansberg).  C4  NADP-me. 

pruinosa  C.E.  Hubb.  (Figure  14C)  0/9 

No  TLS  present.  A species  of  rocky  places,  particularly 
crevices  on  cliff  faces  in  sour  bushveld  such  as  Sourish 
Mixed  Bushveld  19  (Zoutpansberg  and  Blyde  River 
Canyon)  and  Lowveld  Sour  Bushveld  9 (Punda  Maria). 
C4  NADP-me 

ramosa  (Stapf)  Clayton  (Figure  14D)  0/4 

TLS  lacking  in  all  specimens.  A species  of  rocky 
habitats  in  Namibia  from  the  Waterberg  Plateau  and  the 
Naukluft  Mountains.  C4  NADP-me. 

Loudetia 

flavida  (Stapf)  C.E.  Hubb.  (Figure  15)  5/5 

Black  resinous  substance  fills  all  intercostal  epidermal 
cells  except  bulliform  cells  adaxially  and  stomatal  sub- 
sidiaries abaxially  (Figure  15B).  This  arrangement  of  the 
TLS  is  completely  different  from  that  of  L.  simplex.  From 
shallow,  rocky  soils  in  bushveld  in  Bankenveld  61 


FIGURE  14.—  Danthoniopsis  (Panicoideae:  Arundinelleae).  A-B,  D.  dinteri : A,  no  TLS  in  epidermal  cells;  B,  abaxial  epidermis  in  surface  view 
confirms  absence  of  deposits  in  epidermal  cells.  C,  D.  pruinosa  without  TLS.  D,  D.  ramosa  without  TLS  in  epidermal  cells  as  seen  in 
surface  view.  Ellis  vouchers:  B,  1947:  C,  3241:  D,  4771.  A,  Smook  5137.  A,  C,  x 250;  B,  D,  x 400. 
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FIGURE  15. — Loudetia  flavida  (Panicoideae:  Arundinelleae).  A,  leaf 
outline  showing  TLS  located  throughout  the  leaf  width  with  no 
concentration  laterally;  B,  anatomical  detail  of  location  of  TLS 
in  abaxial  intercostal  cells  and  adaxially  adjacent  to,  but  not  in, 
the  bulliform  cells;  C,  epidermal  view  showing  uniform  presence 
of  TLS  in  all  intercostal  long  cells.  Ellis  vouchers:  A,  1346\  B, 
798 ; C,  2838.  A,  X 100;  C,  x 160;  B,  x 400. 

(Pretoria),  Sourish  Mixed  Bushveld  19  (Cullinan, 
Roodeplaat,  Groblersdal)  and  miombo  woodland  (Harare). 

C4  NADP-me. 

pedicellata  (Stent)  Chippind.  (Figure  16)  4/4 

Coarsely  granular  inclusions  peripherally  located 
(Figure  16A)  or  orange,  red  or  black  resinous  contents 
occupy  cell  lumens  (Figure  16B).  TLS  present  only  in 
adaxial  bulliform  cells  but  concentration  in  region  of  leaf 
margin  not  evident.  Rocky  soils  in  Sourish  Mixed 
Bushveld  19  (Naboomspruit).  C4  NADP-me. 

simplex  (Nees)  C.E.  Hubb.  (Figure  17)  14/14 

Heavy  concentrations  of  coarsely  granular  to  black 
resinous  deposits  in  adaxial  cells  only.  All  bulliform  cells 


usually  contain  TLS  (Figure  17A).  TLS  deposition  pattern 
distinguishes  this  species  from  L.  flavida  (Figure  15). 
From  sour  mountain  grassland  communities,  often  on 
shallow,  rocky  soils.  Collections  from  Coastal  Forest  1 
(Pondoland),  ’Ngongoni  Veld  5 (Nkandla),  Natal  Mist  Belt 
’Ngongoni  Veld  45  (Karkloof),  Highland  Sourveld  44 
(Cathedral  Peak),  North-eastern  Mountain  Sourveld  8 
(Haenertsberg,  Pilgrims  Rest,  Mac-Mac  Pools,  Long  Tom 
Pass,  Barberton)  and  Bankenveld  61  (Johannesburg  and 
Pretoria).  C4  NADP-me. 

Trichopteryx 

dregeana  Nees  (Figure  18)  0/7 

No  TLS  appear  to  be  present  in  the  epidermis  although 
the  bundle  sheath  and  distinctive  cells  sometimes  stain  very 
dark  and  have  granular  contents  (Figure  18B).  A species 
of  moist  grasslands,  often  in  rocky  habitats.  From  Coastal 
Forest  1 (Lake  St  Lucia),  ’Ngongoni  Veld  5 (Kranskop) 
and  North-eastern  Mountain  Sourveld  8 (Pilgrims  Rest, 
Graskop,  Long  Tom  Pass,  Barberton).  C4  NADP-me. 

Tristachya 

biseriata  Stapf  (Figure  20A,  B)  0/9 

TLS  absent.  A species  of  sour  bushveld,  usually  in  very 
rocky  habitats.  Collections  from  Low  veld  Sour  Bushveld 
9 (The  Downs),  Sourish  Mixed  Bushveld  19  (Cullinan) 
and  Bankenveld  61  (Pretoria).  C4  NADP-me. 

leucothrix  Nees  (Figure  19A  — D)  7/7 

Black,  resinous  deposits  always  present  in  lateral 
epidermal  cells  (Figure  19A— C).  Concentrated  near 
margin  and  usually  absent  nearer  the  midrib.  Often  very 
few  cells  with  TLS.  A common  constituent  of  sour  grass- 
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FIGURE  16. — Loudetia  pedicellata  (Panicoideae:  Arundinelleae).  A, 
peripheral  deposits  in  adaxial  bulliform  cells;  note  similar  leaf 
anatomy  and  TLS  deposits  to  that  of  Tristachya  superba  (Figure 
19F);  B,  interference  contrast  illumination  showing  resinous  in- 
clusions entirely  filling  adaxial  bulliform  cells.  Ellis  vouchers: 
A,  2008 ; B,  830.  A,  x 100;  B,  X 400. 
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FIGURE  17. — Loudetia  simplex  (Panicoideae:  Arundinelleae).  A,  leaf  outline  showing  adaxial  location  of  TLS  in  all  bulliform  cell  groups,  no 
concentration  near  margin  evident;  B.  detail  of  dark  granular  to  resinous  deposits  in  the  adaxial  intercostal  cells;  C,  interference  contrast 
of  resinous  bodies  in  bulliform  cells;  D,  abaxial  epidermis  showing  complete  absence  of  TLS.  Ellis  vouchers:  A,  1873;  B,  D,  396;  C, 
383.  A,  x 100;  B,  C,  D,  X 400. 

land.  From  Eastern  Province  Thornveld  7 (Peddie),  High-  lualabaensis  (De  Wild.)  J.B.  Phipps  (Figure  19E)  1/1 
land  Sourveld  44  (Stutterheim,  Estcourt,  Cathedral  Peak), 

North-eastern  Mountain  Sourveld  8 (The  Downs)  and  Orange,  resinous  accumulations  present  in  central  cells 
Bankenveld  61  (Delmas).  C4  NADP-me.  of  bulliform  cell  groups  only.  A species  of  sour,  sandy 

savanna  of  the  eastern  Caprivi.  C4  NADP-me. 
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FIGURE  18. — Trichopteryx  dregeana  (Panicoideae:  Arundinelleae).  A, 
leaf  margin  without  deposits  in  the  epidermal  cells;  B,  resinous 
inclusions  not  present  in  epidermal  cells  although  bundle  sheath 
and  distinctive  cells  with  resinous  or  granular  contents.  Ellis 
vouchers:  A,  3374;  B,  4496.  A,  B,  x 400. 


rehmannii  Hack.  (Figure  20C,  D)  0/5 

TLS  absent.  All  specimens  examined  from  Bankenveld 
61  in  the  Pretoria  area.  C4  NADP-me. 

superba  (De  Not.)  Schweinf.  & Aschers.  (Figure  19F)  1/1 

Dark  granular  deposits  in  bulliform  cells  only  (Figure 
19F).  Dominant  grass  in  mixed  woodland  of  eastern 
Caprivi.  C4  NADP-me. 

Andropogoneae 

Thirty-five  genera  and  85  species  belonging  to  this  tribe 
were  studied  and  TLS  were  observed  in  27  genera  and  62 
species  (Table  1).  TLS  are  therefore,  very  common  in  this 
tribe  and  initially  appeared  to  be  of  taxonomic  importance 
in  the  tribe.  This  survey  has  shown,  however,  that  this  is 
not  the  case,  as  some  andropogonoid  genera  and  species 
consistently  lack  these  substances.  Even  when  the  tribe 
is  considered  at  the  subtribal  level  this  still  applies,  and 
unless  considerable  taxonomic  realignment  takes  place, 
TLS  appear  to  be  meaningful  only  sometimes  at  the  gener- 
ic and  specific  level. 

In  most  andropogonoid  species  where  TLS  are  present 
they  occur  in  all  specimens  examined,  irrespective  of 
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temporal  or  spatial  differences  between  the  provenances 
of  the  voucher  material.  This  strongly  suggests  that  TLS 
are  a specific  characteristic  and  that  only  the  degree  of 
development  is  dependent  on  environmental  or  abiotic 
influences;  all  individuals  appear  to  possess  the  inherent 
capability  to  produce  these  cellular  deposits.  TLS  further- 
more, are  of  limited  taxonomic  value  in  this  tribe  because 
they  are  not  always  visible  in  leaf  anatomical  preparations. 

All  andropogonoid  taxa  studied  are  enumerated  in  order 
to  present  a detailed  evaluation  of  their  distribution  in  this 
tribe.  The  presence  of  TLS  in  subtribes  and  genera  is  often 
not  uniform  but  these  discontinuities  in  their  occurrence 
often  suggest  inadequacies  in  the  classification  of  these 
taxa  rather  than  a random  occurrence  of  TLS  in  the 
epidermal  cells. 

Andropogoninae 

The  presence  of  TLS  in  this  subtribe  is  very  variable. 
One  genus  lacks  them  entirely,  in  one  they  are  always 


present  and  in  three  others  their  presence  is  variable.  At 
the  species  level  the  occurrence  of  TLS  is  also  variable: 
in  some  species  they  may  or  may  not  occur,  in  others  they 
always  appear  to  be  present.  This  lack  of  congruence 
between  the  distribution  of  TLS  and  the  classification  of 
the  Andropogoninae  is  corroborated  by  the  overall  leaf 
anatomy  which  suggests  that  some  taxa  are  not  natural 
and  new  generic  delimitations  may  lead  to  TLS,  leaf 
anatomy  and  taxonomy  corresponding  more  closely.  This 
applies  particularly  to  Andropogon,  Cymbopogon  and 
Diheteropogon. 

In  Andropogon , a genus  with  variable  leaf  anatomy,  the 
presence  of  TLS  is  also  variable.  This  variation  in  TLS 
distribution  which  correlates  with  substantial  differences 
in  overall  leaf  anatomy  appears  to  be  reflected  in  the 
sectional  classification  of  the  genus  (Clayton  & Renvoize 
1986).  Thus  A.  chinensis  (Figure  21A,  B),  A.  ravus  (Figure 
21C,  D)  and  A.  schirensis  (Figure  22),  all  of  which  belong 
to  section  Piestium,  have  very  similar  leaf  anatomy 


FIGURE  19. — Tristachya  species  with  TLS  (Panicoideae:  Arundinelleae).  A— D,  T.  leucothrix : A,  outline  with  lateral  concentration  of  TLS;  B, 
TLS  only  present  in  region  of  leaf  margin;  C,  deposits  visible  in  lateral  adaxial  and  abaxial  epidermal  cells;  D,  granular  nature  of  contents 
of  abaxial  epidermal  long  cells,  no  TLS  in  bulliform  cells.  E,  T.  lualabaensis  with  amorphous  deposits  in  central  cells  of  bulliform  groups. 
F,  T.  superba  with  TLS  deposits  in  bulliform  cells,  inclusions  either  granular  or  amorphous.  Ellis  vouchers:  A,  1430',  B,  1483',  C,  1834\ 
D,  2827;  E,  3734\  F,  3707.  A,  B,  C,  x 100;  D,  E,  F,  x 400. 
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FIGURE  20 .—Tristachya  species  without  TLS  (Panicoideae:  Arundinelleae).  A-B,  T.  biseriata:  A.  leaf  outline  with  no  TLS  visible;  B,  detail 
showing  absence  of  inclusions  in  epidermal  cells.  C— D,  T.  rehmannir.  C,  outline  showing  absence  of  deposits  near  margin;  D.  cellular 
detail.  Ellis  vouchers:  A,  1242,  B,  781\  C,  D.  725.  A,  C,  x 100;  B.  D.  x 400. 


FIGURE  21. — Andropogon  section  Piestium  (Panicoideae:  Andropogoneae:  Andropogoninae).  A-B,  A.  chinensis:  A,  TLS  deposits  concentrated 
in  lateral  bulliform  cell  group;  B,  TLS  present  in  large  quantities  in  intercostal  long  cells.  C— D,  A.  raws : C,  laterally  concentrated  TLS 
in  bulliform  cells;  D,  dark,  globular  deposits  in  intercostal  long  cells,  note  concentration  in  interstomatal  papillate  cells.  Ellis  vouchers: 
A,  7907;  B,  2061,  C,  D,  993.  A,  C,  x 100;  B,  D,  x 400. 
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FIGURE  22. — Andropogon  section  Piestium  (Panicoideae:  Andropogoneae:  Andropogoninae).  A— E,  A.  schirensis:  A.  TLS  concentrated  in  bulliform 
cells  in  leaf  margin;  B,  granular  deposits  in  adaxial  bulliform  cells  and  resinous  TLS  in  abaxial  epidermal  cells;  C,  adaxial  and  abaxial 
TLS  deposits  less  concentrated  than  nearer  leaf  margin;  D,  interference  contrast  illumination  showing  TLS  concentrated  in  intercostal  long 
cells,  particularly  the  papillate  interstomatal  cells;  E,  TLS  most  concentrated  in  papillate  interstomatal  long  cells.  Ellis  vouchers:  A,  4448\ 
B,  4455 ; C,  3391,  D,  2007;  E,  970.  A,  x 250;  B.  C,  D,  E,  x 400. 


and  TLS.  The  vascular  bundle  arrangement,  bulliform  cell 
configuration  and  abaxial  papillae  and  microhairs  in  all 
these  taxa  are  very  similar.  Similarly  the  concentration  of 
TLS  in  lateral  adaxial  bulliform  cells  (Figure  21A,  C;  22A) 
and  in  the  abaxial  inflated  interstomatal  long  cells  is  shared 
by  these  species  of  section  Piestium  and  differs  variously 
from  that  of  species  from  other  sections  in  the  genus. 

The  anatomy  of  A.  gayanus  of  section  Notosolen  (Figure 
23)  differs  from  that  of  section  Piestium  in  that  the 
papillae  are  small  and  cuticular  with  many  per  cell, 
the  microhairs  are  longer  and  much  more  numerous 
and  many  more  smaller  bundles  are  located  between 
successive  first  order  bundles.  The  distribution  of 
TLS  in  the  different  epidermal  cell  types  also  differs, 
with  the  greatest  concentrations  being  in  the  abaxial 
intercostal  long  cells  except  for  the  interstomatal  long 
cells  (Figure  23E).  This  leaf  anatomy  and  pattern 
of  TLS  distribution  is  very  similar  indeed  to  that  of 
the  Anthistiriinae,  particularly  Themeda  and  Heteropogon . 
TLS  reach  their  maximum  degree  of  expression  in 
Andropogon  in  A.  gayanus,  a feature  which  is  not 
shared  with  these  genera  of  the  Anthistiriinae.  In  A. 
gayanus  dense,  resinous  deposits  of  TLS  often  occur 
across  the  entire  leaf  width  on  both  leaf  surfaces 
(Figure  23A,  B).  High  concentrations  of  TLS  are 
always  present  in  A.  gayanus  and  this  species  is  recom- 
mended for  further  study. 


The  species  of  Andropogon  of  section  Leptopogon  all 
share  a basically  similar  leaf  anatomy  which  differs  con- 
siderably from  that  of  all  other  sections  of  the  genus.  The 
occurrence  of  TLS,  however,  is  very  variable,  even 
between  morphologically  and  ecologically  similar  species 
such  as  A.  eucomus  and  A.  huillensis  (Figure  24).  A. 
eucomus  appears  to  lack  TLS  entirely  whereas  A.  huillen- 
sis always  seems  to  have  granular  deposits.  Other  taxa  in 
this  section,  A.  appendiculatus  (Figure  25A— D),  A. 
brazzae  (Figure  25E,  F),  A.  festuciformis  and  A.  laxatus, 
are  more  variable  in  respect  of  the  presence  of  TLS  but 
the  TLS  type  and  pattern  conform  to  those  of  this  section . 
Anatomically  and  morphologically  section  Leptopogon 
appears  to  be  a homogeneous  group  in  which  the  presence 
of  TLS  is  variable,  suggesting  that  TLS  may  be  of  limited 
taxonomic  importance  in  this  section. 

In  New  World  taxa  of  section  Leptopogon,  A.  leuco-  sta- 
chys  appears  to  be  variable  in  respect  of  TLS 
occurrence  (Figure  26).  A specimen  from  Colombia  had 
many  adaxial  bulliform  cells  with  dense,  resinous 
deposits  but  a specimen  from  Belize  in  Brazil  was  without 
TLS.  However,  the  basic  anatomical  structure  of  these 
two  plants  differs  somewhat  and  the  apparent  inconsistency 
in  TLS  presence  may  be  due  to  a misidentification.  TLS 
appear  to  be  rare  in  New  World  grasses.  A.  leucostachys 
is  a possible  exception  and  may  be  worthy  of  further 
study. 
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FIGURE  23.  — Andropogon  gayanus  var.  polycladus  section  Notosolen  (Panicoideae:  Andropogoneae:  Andropogoninae).  A.  dense  TLS  in  all  epidermal 
cells,  even  those  associated  with  the  keel;  B,  detail  showing  darkly  staining  deposits  in  adaxial  bulliform  cells  as  well  abaxial  intercostal 
cells;  C,  detail  of  specimen  without  concentrated  deposits  in  the  bulliform  cells,  TLS  only  being  present  in  the  adaxial  long  cells  adjacent 
to  the  bulliform  groups;  D,  extent  of  occurrence  of  TLS  across  abaxial  leaf  surface;  E,  detail  of  ceils  with  TLS  located  adjacent  to  the 
stomatal  files.  Ellis  vouchers:  A,  B.  4513\  C,  3564 ; D,  E,  3690.  A,  x 100;  D,  x 160;  B,  x 250;  C,  E,  x 400. 


The  remainder  of  the  Andropogon  species  examined 
belong  to  section  Andropogon  and  all  lack  TLS  (Figure 
27).  The  species  of  this  section,  A.  amethystinus  (Figure 
27A,  B),  A.  distachyos  (Figure  27C,  D)  and  A.  lacunosus 
(Figure  27E)  also  share  very  similar  leaf  anatomy,  with 
tapering  leaf  margins  as  seen  in  transection,  extended 
groups  of  large  bulliform  cells  and  soft,  inflated,  abaxial 
long  cells.  This  type  of  anatomy  differs  considerably  from 
that  of  the  other  sections  and  supports  their  classification 
in  a separate  section  which  appears  to  be  without  TLS. 
This  anatomy  and  TLS  distribution  is  also  very  similar 
to  that  of  Cymbopogon  excavatus  (Figure  29C— E)  and 
Diheteropogon  amplectens  (Figure  30A— D).  It  is  possible 
that  these  resemblances  reflect  taxonomic  relationships 
between  these  taxa.  The  lack  of  congruence  between  TLS 
distribution  and  the  taxonomy  of  these  taxa  may,  therefore, 
be  due  to  an  unnatural  classification. 

A.  gerardi  from  the  New  World  is  also  without  TLS, 
but  has  been  shown  to  yield  anthocyanins  (Bate-Smith  & 
Swain  1967)  and  condensed  tannins  (Rice  & Pancholy 
1973).  These  reports  need  confirmation. 

A.  mannii  (Figure  27F),  which  is  also  without  TLS, 
seems  to  be  misplaced  in  this  section  on  the  basis  of 
overall  anatomy  and  would  be  better  grouped  in  section 
Leptopogon  which  is  heterogeneous  in  respect  of  TLS 
presence. 


The  distribution  of  TLS  in  this  large  and  variable  genus, 
therefore,  appears  to  have  a taxonomic  basis  and  it  is  of 
interest  to  note  that  TLS  are  absent  in  the  most  primitive 
section  ( Andropogon ) but  present  in  all  representatives  of 
the  more  advanced  sections  Piestium  and  Notosolen.  The 
intermediate  section  Leptopogon  is  variable  in  respect  of 
this  character. 

Arthraxon  is  the  only  genus  in  the  Andropogoninae 
which  lacks  TLS  entirely.  However,  its  leaf  anatomy 
also  differs  substantially  from  that  of  the  other  taxa  in 
this  subtribe  and  it  seems  to  be  misplaced  as  present- 
ly classified.  The  removal  of  Arthraxon  from  the  An- 
dropogoninae would  mean  that  TLS  would  occur  in 
all  genera  and  it  would  only  be  at  the  species  level 
that  this  subtribe  would  be  mixed  in  respect  of  presence 
of  TLS. 

Virtually  all  the  species  of  Cymbopogon  studied, 
including  C.  citratus,  possess  TLS.  These  deposits  are 
never  resinous  but  consist  of  fine  granular  particles  (Figure 
29B)  and  are  seldom  common  in  the  leaves.  This  TLS 
distribution  is  very  similar  to  that  observed  in  Andropogon 
section  Piestium  (Figures  21  & 22),  a group  which  shares 
very  similar  leaf  anatomy  with  southern  African  species 
of  Cymbopogon  such  as  C.  dieterlenii,  C.  marginatus,  C. 
plurinodis  (Figure  29A,  B)  and  C.  validus.  These  species 
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are  very  narrowly  circumscribed  and  are  often  difficult 
to  distinguish  and  share  very  similar  leaf  anatomy  and 
TLS.  Cymbopogon  appears  to  have  close  affinities  with 
Andropogon  (Clayton  & Renvoize  1986),  a hypothesis 
which  seems  to  be  supported  by  leaf  anatomy  and  TLS 
distribution. 

C.  excavatus  (Figure  29C— E)  is  a notable  exception  to 
the  above,  however,  both  in  leaf  blade  anatomy  and  TLS 
presence.  C.  excavatus  differs  from  the  other  species  of 
Cymbopogon  studied  both  in  overall  leaf  anatomy,  such 
as  the  tapering  margin  (Figure  29C),  bulliform  cell 
arrangement  (Figure  29D),  and  abaxial  epidermal  cell  type 
and  arrangement  (Figure  29E).  In  addition  there  are 
no  TLS  in  the  epidermal  cells  of  this  species  although  it 
does  have  a distinctive  odour  which  may  be  caused  by 
terpenoid  essential  oils  (Mathela  et  al.  1988). 


The  anatomy  of  C.  excavatus  closely  resembles  that  of 
Diheteropogon  amplectens  (Figure  30A— D),  although  the 
latter  species  may  sometimes  possess  TLS.  Both  these 
species  have  cordate  leaf  bases  and  appear  to  be  more 
closely  related  to  one  another  than  either  is  to  other  species 
in  its  genus.  The  leaf  anatomy  of  both  these  species  shows 
close  similarities  with  that  of  section  Andropogon  of 
Andropogon  (Figure  27A-E).  All  these  taxa  share  charac- 
teristic elongated  bulliform  cell  groups  as  seen  in 
transection,  a tapering  leaf  margin,  fusiform  intercostal 
long  cells  with  a single  inflated  papilla,  and  TLS  appear 
to  be  absent  throughout  (except  very  rarely  in  D.  amplec- 
tens). The  retention  of  C.  excavatus  in  Cymbopogon  seems 
to  be  unnatural  on  the  basis  of  the  anatomical  evidence, 
and  its  removal  from  the  genus  will  lead  to  uniformity  in 
TLS  distribution  in  Cymbopogon  as  well  as  Diheteropo- 
gon and  possibly  in  the  sections  of  Andropogon. 


FIGURE  24.—  Andropogon  section  Leptopogon  (Panicoideae:  Andropogoneae:  Andropogoninae),  a comparison  of  a species  without  TLS  (A-C) 
and  one  with  (D— F).  A— C,  A.  eucomus:  A,  TLS  absent  in  all  epidermal  cells;  B,  detail  showing  absence  of  epidermal  cellular  inclusions; 
C,  epidermis  without  deposits  in  the  intercostal  long  cells.  D— F,  A.  huillensis : D,  lateral  part  of  blade  with  greater  concentrations  of  dark, 
granular  deposits;  E,  detail  of  dark  granular  inclusions  in  adaxial  and  abaxial  intercostal  cells;  F,  epidermis  showing  dense  TLS  deposits 
in  all  intercostal  long  cells  except  the  stomatal  subsidiaries.  Ellis  vouchers:  A,  7526;  B,  1357\  C,  138I\  D,  F,  1341\  E,  4495.  A,  D,  x 
100;  B,  C,  E,  F,  x 400. 
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FIGURE  25. — Andropogon  section  Leptopogon  (Panicoideae:  Andropogoneae:  Andropogoninae).  A-D,  A.  appendiculatus : A,  specimen  without 
TLS;  B,  specimen  with  TLS  becoming  more  concentrated  laterally;  C,  structural  detail  of  granular  deposits  in  adaxial  and  abaxial  cells; 
D,  epidermis  with  darkly  staining  cellular  contents.  E— F,  A.  brazzae : E,  thickened  abaxial  epidermal  cells  with  peripheral  granular  deposits; 
F,  granular  inclusions  present  in  abaxial  intercostal  long  cells.  Ellis  vouchers:  A,  1373\  B,  D,  1429',  C,  1479 : E,  F,  3740.  A.  B,  x 100; 
C,  x 250;  D,  E,  F,  x 400. 


Diheteropogon  amplectens,  as  mentioned  above,  is 
without  TLS  (Figure  30A— D)  and  shares  similar  leaf 
anatomy  with  Cymbopogon  excavatus  and  the  species  of 
section  Andropogon — all  of  which  are  without  TLS.  The 
genus  is  barely  separable  from  Andropogon  (Clayton  & 
Renvoize  1986),  but  these  authors  note  strong  links  to 
section  Piestium.  This  is  indeed  the  case  with  D.  filifolius 
(Figure  30E,  F)  which  has  the  same  leaf  anatomy  and  TLS 
distribution  as  the  Andropogon  species  of  section  Piestium. 
Diheteropogon  is,  therefore,  not  homogeneous  for  TLS  and 
leaf  anatomy,  but  strong  links  are  evident  to  other  species 
in  the  Andropogoninae. 

Schizachyrium  also  belongs  to  the  Andropogoninae  and 
is  closely  related  to  Andropogon  section  Leptopogon 
(Clayton  & Renvoize  1986).  This  relationship,  particularly 
to  A.  appendiculatus  (Figure  25A— D),  is  fully  supported 
by  the  leaf  anatomy  and  the  TLS  type  and  distribution  as 
a comparison  of  Figure  31  with  Figure  25  will  illustrate. 
Sooty  or  granular  deposits  were  always  present  in  the 
leaves  of  all  species  of  Schizachyrium  studied.  This 
granular  nature  of  the  deposits  is  similar  to  that  of  the 
species  of  section  Leptopogon  and  differs  considerably 
from  the  resinous  type  of  deposit  present  in  Andropogon 
gayanus  of  the  section  Notosolen  or  the  species  of  section 
Piestium. 

The  distribution  of  TLS  in  the  taxa  of  the  Andropo- 
goninae, as  well  as  the  nature  of  these  deposits  and  their 


location  in  different  cell  types,  is  therefore,  not  random 
in  this  subtribe  but  follows  taxonomic  relationships  very 
closely.  With  certain  taxonomic  realignments,  as  suggested 
by  overall  leaf  anatomy  as  well,  this  correspondence  will 
be  even  closer.  TLS  appear  to  have  great  potential 
taxonomic  importance  in  the  Andropogoninae.  If  the  above 
proposals  are  accepted  then  TLS  will  become  diagnostic 
for  some  groups  in  this  subtribe  and  their  absence  in  others 
will  also  be  in  agreement  with  the  taxonomy. 

Andropogon 

amethystinus  Steud.  (Figure  27A,  B)  0/2 

Absent,  no  TLS  deposits  in  any  epidermal  cells.  From 
montane  grassland  in  the  Highland  Sourveld  44  of  the  Na- 
tal Drakensberg  and  Maluti  Mountains.  C4  NADP-me. 

appendiculatus  Nees  (Figure  25A— D)  6/11 

Finely  to  coarsely  granular  (but  seldom  resinous) 
deposits  sometimes  present  in  laterally  located  bulliform 
cell  groups.  Very  rarely  also  present  in  lateral  abaxial 
intercostal  long  cells.  The  peripheral  location  of  the 
inclusions  is  pronounced.  Specimens  with  TLS  from  damp 
grassland  locations  in  ’Ngongoni  Veld  5 (Nkandla), 
Coastal  Forest  1 (Port  Edward),  Bankenveld  61  (Pretoria), 
Highland  Sourveld  44  (Drakensberg  and  Amatola 
Mountains)  and  Mountain  Fynbos  69  (Swellendam, 
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Langeberge).  Specimens  lacking  TLS  also  from  moist 
habitats  but  in  North-eastern  Sandy  Highveld  57 
(Dullstroom),  sandy  Cymbopogon-Themeda  Veld  48 
(Benoni),  Sourish  Mixed  Bushveld  19  (Cullinan)  and  Natal 
Sour  Sandveld  66  (Newcastle).  C4  NADP-me. 

brazzae  Franch.  (Figure  25E,  F)  2/2 

Deposits  granular  or  as  resinous  droplets.  Present  in  all 
abaxial  intercostal  epidermal  cells  except  the  stomatal 
subsidiaries  (Figure  25F).  Absent  on  adaxial  surface. 
Hydrophyte  in  seasonally  inundated  floodplains,  Caprivi. 

C4  NADP-me. 

chinensis  (Nees)  Merr.  (Figure  21A,  B)  2/2 

Resinous,  black  amorphous  deposits  in  intercostal 
long  cell  files  and  in  lateral  bulliform  cell  groups.  Deposits 
may  be  concentrated  in  papillae  on  abaxial  long  cells 
(Figure  21B).  Collections  from  Mixed  Bushveld  18 
(Loskop  Dam)  and  Wambiya  sandveld,  Kruger  National 
Park.  C4  NADP-me. 

distachyos  L.  (Figure  27C,  D)  0/2 

TLS  absent.  Highland  Sourveld  44  grassland  of  the 
Natal  Drakensberg  and  Maluti  Mountains.  C4  NADP-me. 
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FIGURE  26. — Andropogon  leucostachys  section  Leptopogon 
(Panicoideae:  Andropogoneae:  Andropogoninae).  A,  specimen 
without  TLS;  B,  TLS  concentrated  in  bulliform  cells  near  leaf 
margin;  C,  detail  of  heavily  granular  cellular  contents.  Davidse 
vouchers:  A,  32776;  B,  C,  26375.  A,  B,  x 250;  C,  x 400. 


eucomus  Nees  (Figure  24A— C)  0/6 

No  TLS  seen  in  any  cells  of  any  specimen  of  this  species. 
From  moist  grassland  habitats  in  the  Highland  Sourveld 
to  Cymbopogon-Themeda  Veld  Transition  56  (Ficksburg), 
Bankenveld  61  (Johannesburg),  Piet  Retief  Sourveld  63 
(Piet  Retief)  and  North-eastern  Mountain  Sourveld  8 
(Graskop).  C4  NADP-me. 

festuciformis  Rendle  5/5 

Small  quantities  of  granular  inclusions  present  in 
isolated  intercostal  long  cells.  These  contents  never 
conspicuous  and  consist  only  of  peripherally  located 
granular  material.  These  cells  are  doubtfully  considered 
to  contain  TLS.  From  hygrophilous  grassland  along  the 
Natal  South  Coast  and  eastern  shores  of  Lake  St  Lucia. 
C4  NADP-me. 

gayanus  Kunth  var.  polycladus  (Hack.)  Clayton  (Figure 
' 23)  6/6 

Dense  accumulations  of  black,  granular  to  resinous 
contents  in  virtually  all  epidermal  cells  except  the  stomatal 
subsidiaries  and  the  cork-silica  cell  pairs.  Deposits  present 
in  bulliform  cells  as  well  as  adaxial  and  abaxial  costal  and 
intercostal  long  cells  (Figure  23D,  E).  Deposition  is 
regular  across  leaf  width  without  the  lateral  concentration 
so  common  in  other  species.  All  specimens  examined  with 
the  same  distribution  pattern  and  only  the  density  of  the 
cell  contents  varies  (Figure  23A— C).  A bushveld  species 
of  poor,  shallow,  rocky  soils  from  the  Lowveld  Sour 
Bushveld  9 (Tzaneen  and  Punda  Maria)  and  Mopani 
Veld  15  (Caprivi  and  Kruger  National  Park)  and  sandy 
soils  of  dry  sand  forest  (False  Bay  Park)  and  Zululand 
Palm  Veld  16  (Sodwana  Bay)  of  Coastal  Forest  1.  C4 
NADP-me. 

huillensis  Rendle  (Figure  24D— F)  4/4 

All  specimens  with  sooty,  granular  to  amorphous 
contents  in  most  epidermal  intercostal  long  cells.  Absent 
in  stomatal  cells  (Figure  24F).  Deposits  more  abundant 
in  abaxial  epidermis  and  toward  the  leaf  margin  (Figure 
24D).  A hygrophilous  species  from  vleis  and  marshes. 
Specimens  studied  from  the  Zambesi  floodplain  (Caprivi), 
Piet  Retief  Sourveld  63  (Piet  Retief),  North-eastern  Sandy 
Highveld  57  (Belfast)  as  well  as  Bankenveld  61  (Pretoria). 
C4  NADP-me. 

lacunosus  J.G.  Anders.  (Figure  27E)  0/8 

TLS  absent.  A species  of  mountain  grassland  in  the 
North-eastern  Mountain  Sourveld  8 (Sabie),  North-eastern 
Sandy  Highveld  57  (Steenkampsberg  and  Wakkerstroom) 
and  Piet  Retief  Sourveld  63  (Athole  Research  Station  and 
Luneberg).  C4  NADP-me. 

laxatus  Stapf  1/1 

TLS  common.  Cellular  distribution  as  in  A.  huillensis. 
Voucher  specimen  from  hygrophilous  grasslands  of  eastern 
shores  of  Lake  St  Lucia.  C4  NADP-me. 
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FIGURE  27. — Andropogon  section  Andropogon  (Panicoideae:  Andropogoneae:  Andropogoninae).  A— B,  A.  amethystinus:  A,  margin  without  TLS; 
B,  detail  of  epidermal  cells  without  visible  contents.  C— D,  A.  distachyos:  C,  tapering  margin  showing  absence  of  TLS  in  epidermal  cells; 
D,  no  granular  or  resinous  epidermal  cell  contents  visible.  E,  A.  lacunosus  without  TLS.  F,  A.  mannii  showing  structural  differences  to 
the  remainder  of  the  species  in  this  section.  Ellis  vouchers:  A.  B,  4996',  C,  D,  4992;  E,  4478.  F,  Smook  4805.  A,  C,  x 100;  B,  D,  E, 
X 250;  F.  X 400. 


mannii  Hook.  f.  (Figure  27F)  0/2 

Absent.  A species  from  the  North-eastern  Sandy  High- 
veld  57  (Steenkampsberg)  of  the  Transvaal  Escarpment. 

C4  NADP-me 

ravus  J.G.  Anders.  (Figure  21C,  D)  4/4 

Small  quantities  of  granular  material  present  in  extreme 
lateral  bulliform  cell  groups.  Coalescing  to  form  droplets 
as  concentration  increases  (Figure  21D).  A mountain 
grassveld  species  collected  from  the  North-eastern 
Mountain  Sourveld  8 (Barberton),  North-eastern  Sandy 
Highveld  57  (Steenkampsberg)  and  Highland  Sourveld  44 
(Little  Berg,  Natal  Drakensberg).  C4  NADP-me. 

schirensis  A.  Rich.  (Figure  22)  14/14 

Particulate,  large  resinous  droplets  (Figure  22C)  or 
amorphous  resinous  contents  filling  cell  lumens  or  sooty, 
granular  deposits  (Figure  22B)  always  present.  Density 
variable  but  often  fill  cell  volume  entirely.  This  applies 
to  most  abaxial  intercostal  cells  except  the  stomatal 
subsidiaries  (Figure  22D,  E).  Concentration  always 
greatest  nearer  leaf  margin  where  lateral  bulliform  cells 
also  with  TLS  (Figure  22 A).  A widespread  species 
tolerating  a wide  range  of  ecological  conditions  from 
mountain  sourveld  to  lowveld  and  always  with  TLS. 


Usually  occurs  on  shallow,  rocky  soils,  particularly  in 
bushveld  habitats.  Voucher  material  from  such  diverse 
habitats  and  veld  types  as  Lowveld  10  (Sabie  Sand), 
Sourish  Mixed  Bushveld  19  (Naboomspruit),  Bankenveld 
61  (Pretoria),  North-eastern  Mountain  Sourveld  8 
(Lydenburg  and  Pilgrims  Rest),  North-eastern  Sandy 
Highveld  57  (Steenkampsberg),  sandy  Cymbopogon- 
Themeda  Veld  48  (Senekal),  Highland  Sourveld  44 
(Majuba  and  Cathedral  Peak),  NataHvlist  Belt  ’Ngongoni 
Veld  45  (Greytown  and  Cedara)  and  'Ngongoni  Veld  5 
(Ongoye  Forest).  C4  NADP-me. 

Arthraxon 

lanceolatus  (Roxb.)  Hochst.  (Figure  28)  0/3 

TLS  absent  from  all  cells  on  all  specimens.  Specialized 
habitat  on  tufa  waterfalls.  C4  NADP-me. 

Cymbopogon 

dieterlenii  Stapf  ex  Phill.  1/3 

Slight  deposits  rarely  in  marginal  bulliform  cells  only. 
An  open  grassland  species  also  found  in  the  drier  west 
where  it  is  associated  with  wetter  habitats  beneath  large 
exfoliated  rock  domes.  These  specimens  from  Nama- 
qualand  Broken  Veld  33  (Kamiesberge)  without  TLS. 
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FIGURE  28. — Arthraxon  lanceolatus  (Panicoideae:  Andropogoneae:  Andropogoninae).  A,  TLS  absent  in  epidermal  cells;  B,  in  region  of  leaf 
margin  there  is  no  visual  evidence  of  TLS;  C,  epidermis  in  surface  view  without  darkly  staining  cellular  contents,  note  how  overall  epidermal 
structure  differs  from  that  of  other  species  in  this  subtribe.  Ellis  vouchers:  A,  C,  4306,  B,  4307.  A,  B,  C,  x 250. 


Specimen  from  Highland  Sourveld  to  Cymbopogon- 
Themeda  Veld  Transition  56  (Ficksburg)  with  TLS.  C, 

NADP-me. 

excavatus  (Hochst.)  Stapf  ex  Burtt  Davy  (Figure  29C— E) 

0/10 

TLS  consistently  absent.  This  species  is  strongly 
aromatic  with  a distinct  taste  and  smell  of  turpentine.  From 
grassland  and  sour  bushveld,  where  it  grows  in  shallow, 
rocky  soils.  From  Bankenveld  61  (Pretoria),  Sour  Bushveld 


20  (Waterberg),  Lowveld  Sour  Bushveld  9 (Barberton), 
Mopani  Veld  15  (Tub  Block),  Lowveld  10  (Skukuza 
and  Sabie  Sand)  and  Coastal  Forest  1 (Mtunzini).  C4 

NADP-me. 

marginatus  (Steud.)  Stapf  ex  Burtt  Davy  4/4 

Intercostal  long  cells  adjacent  to  the  costal  zones  with 
granular  deposits.  Specimens  from  warm  aspect  slopes  in 
the  mountains  of  the  southern  Cape  in  limestone  in  Coastal 
Fynbos  47  (De  Hoop)  and  dry  Mountain  Fynbos  69 
(Pakhuis  Pass).  C4  NADP-me. 


FIGURE  29. — Cymbopogon  (Panicoideae:  Andropogoneae:  Andropogoninae).  A— B,  C.  plurinodis:  A,  dense  granular  TLS  deposits  concentrated 
in  abaxial  epidermal  cells;  B,  surface  view  showing  granular  contents  in  long  cells,  particularly  in  the  'papillae.  C— E,  C.  excavatus : C, 
tapering  margin  without  TLS;  D,  detail  showing  absence  of  inclusions  in  epidermal  cells;  E,  intercostal  long  cells  without  deposits.  A, 
Smook  3901 ; B,  Smook  3229 ; C,  Smook  2556:  D.  Ellis  402 ; E,  Ellis  2047.  C,  x 100;  A,  B,  D,  E,  x 400. 
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FIGURE  30. — Diheteropogon  (Panicoideae:  Andropogoneae:  Andropogoninae).  A— D,  D.  amplectens:  A.  tapering  leaf  margin  without  TLS;  B, 
detail  of  epidermal  cells  showing  absence  of  cellular  inclusions;  C,  specimen  with  lateral  TLS  located  in  the  bulliform  cells;  D,  abaxial 
epidermis  with  inflated,  fusiform  intercostal  long  cells  without  TLS.  E— F,  D.  filifolius:  E,  setaceous  leaf  type  with  granular  bodies  in 
small,  thickened  abaxial  epidermal  cells;  F,  dense  TLS  deposits  in  long  cells  adjacent  to  the  costal  zones.  Ellis  vouchers:  A,  D,  5256; 
B,  727;  C,  4511;  E,  4472;  F,  3344.  A,  C,  x 100;  D,  E,  x 250;  B,  F,  x 400. 


plurinodis  (Stapf)  Stapf  ex  Burtt  Davy  (Figure  29  A,  B)  9/9 

Granular,  sooty  deposits  in  most  abaxial  epidermal  cells 
except  the  subsidiary  cells.  Widely  distributed  grassland 
species,  very  common  in  several  of  the  pure  grassland  veld 
types.  Provenances  for  this  study  reflect  this  wide 
distribution  and  include  eight  different  veld  types:  Lowveld 
10  (Mkuze),  Coastal  Forest  1 (Natal  North  Coast),  Valley 
Bushveld  23  (Uitenhage),  False  Fynbos  70  (Cloetes  Pass), 
Highland  Sourveld  44  (Dohne),  Karroid  Merxmuellera 
Mountain  Veld  60  (Graaff  Reinet),  False  Upper  Karoo  36 
(Colesburg  and  Douglas)  and  False  Orange  River  Broken 
Veld  40  (Campbell).  C4  NADP-me. 

validus  (Stapf)  Stapf  ex  Burtt  Davy  3/3 

Small  quantities  of  granular  material  present  in  inter- 
costal long  cells  adjacent  to  the  costal  zones,  particularly 
laterally  in  the  blade.  A species  of  mountain  grasslands 
such  as  North-eastern  Mountain  Sourveld  8 (Graskop)  and 
Highland  Sourveld  44  (Cathedral  Peak  and  Qachas  Nek). 
C.  NADP-me. 

4 

Diheteropogon 

amplectens  (Nees)  Clayton  (Figure  30A— D)  4/12 

Very  small  amounts  of  resinous  deposits  occasionally 
present  in  extreme  lateral  bulliform  cells  only  (Figure 


30C).  A widely  distributed  species  from  grassland  in  both 
highveld  as  well  as  lowveld.  Specimens  with  small 
amounts  of  TLS  all  from  lower  altitudes:  Coastal  Forest 
1 (Sodwana  Bay  and  Natal  North  Coast),  Lowveld  Sour 
Bushveld  9 (Punda  Maria)  and  Sourish  Mixed  Bushveld 
19  (Nylsvley).  Specimens  without  TLS  were  from  Lowveld 
10  (Sabie  Sand)  or  from  higher  altitudes  in  Natal  Mist  Belt 
’Ngongoni  Veld  45  (Greytown),  Bankenveld  61  (Pretor- 
ia), North-eastern  Mountain  Sourveld  8 (Barberton)  and 
North-eastern  Sandy  Highveld  57  (Wakkerstroom).  C4 
NADP-me. 

filifolius  (Nees)  Clayton  (Figure  30E,  F)  9/9 

Irregular,  inconspicuous  to  heavily  granular  deposits  in 
most  abaxial  epidermal  long  cells  (Figure  30F).  A species 
of  sour,  mountainous  grassland  in  Highland  Sourveld  44 
(Cathedral  Peak,  Giants  Castle  and  Kamberg),  North- 
eastern Mountain  Sourveld  8 (Wolkberg,  Graskop  and 
Ngome)  and  Piet  Retief  Sourveld  63  (Liineburg).  C4 
NADP-me. 

Schizachyrium 

exile  (Hochst.)  Pilg.  3/3 

Fine,  sooty  deposits  in  epidermal  long  cells  and  marginal 
bulliform  cells.  An  annual  from  Mopani  Veld  15  (Klaserie 
and  eastern  Caprivi).  C4  NADP-me. 
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jeffreysii  (Hack.)  Stapf  (Figure  31C,  D)  8/8 

Granular  contents  in  lateral  long  and  bulliform  cells. 
May  be  very  conspicuous  (Figure  31C).  A species  of  sour 
bushveld  and  savanna.  Collections  from  Sourish  Mixed 
Bushveld  19  (Roodeplaat,  Cullinan,  Naboomspruit),  Sour 
Bushveld  20  (Potgietersrust),  Mixed  Bushveld  18  (Loskop 
Dam),  Mopani  Veld  15  (Gona-re-Zhou,  Zimbabwe)  and 
miombo  woodland  (Harare).  C4  NADP-me. 

sanguineum  (Retz.)  Alst.  (Figure  31A)  ll/ll 

Sooty  to  granular  inclusions  present  throughout  both 
epidermides  or  restricted  to  the  margins.  A widespread 
species  with  wide  ecological  tolerances,  from  hygrophilous 
grassland  to  rank  bushveld  vegetation  to  sour  grassland. 
Specimens  studied  from  Coastal  Forest  1 (Pondoland, 
St  Lucia),  Lowveld  Sour  Bushveld  9 (Sabie,  Barberton), 
Sourish  Mixed  Bushveld  19  (Potgietersrust)  and  Banken- 
veld  61  (Pretoria).  C4  NADP-me. 

ursulus  Stapf  (Figure  31B)  2/2 

Sooty  deposits  in  lateral  epidermal  cells,  bulliform  cells 
in  particular.  A species  from  Sourish  Mixed  Bushveld  19 
(Zoutpan,  Cullinan).  C4  NADP-me. 

Anthistiriinae 

TLS  development  reaches  its  maximum  expression  in 
this  subtribe  and  all  five  genera  and  20  species  examined 
possess  TLS  in  epidermal  cells  although  they  were  not  al- 
ways apparent  on  all  specimens.  It  appears  as  if  all 


species  are  at  least  capable  of  producing  TLS  but  they  are 
not  always  visible  and  therefore,  are  of  limited  taxonomic 
usefulness.  However,  the  nature  and  location  of  the  TLS 
deposits  is  uniform  throughout  this  subtribe  with  the 
densest  deposits  occurring  laterally  in  the  blade  close  to 
the  margin.  These  inclusions  are  usually  in  the  form  of 
dark  red  or  black  droplets  or  resinous  bodies  entirely 
filling  the  cell  lumens  ( Hyparrhenia , Hyperthelia  and 
Themeda)  although  granular  inclusions  located  around  the 
cell  periphery  are  sometimes  encountered  ( Heteropogon 
and  Monocymbium) . TLS  distribution  and  type  is 
therefore,  consistent  in  this  subtribe  and,  coupled  with  the 
uniform  leaf  anatomy  present  throughout,  suggests  that 
TLS  are  a significant  character  for  the  taxonomy  of  this 
group. 

The  leaf  anatomy  and  nature  of  the  TLS  deposits  in  the 
Anthistiriinae  are  very  similar  indeed  to  that  of  section 
Notosolen  of  the  Andropogoninae.  Thus  the  affinities  of 
Andropogon  gayanus  (Figure  23)  appear  to  lie  with  this 
subtribe  rather  than  with  the  remainder  of  Andropogon. 

TLS  concentrations  in  Heteropogon  and  Monocymbium 
are  never  copious  and  they  may  not  be  visible  micro- 
scopically. Heteropogon  is  clearly  related  to  Themeda 
(Clayton  & Renvoize  1986)  and  this  is  supported  by  their 
very  similar  leaf  anatomy  and  patterns  of  TLS  distribution 
in  the  leaf.  TLS  presence  in  Themeda  is  very  variable, 
from  an  apparent  complete  absence  to  copious  amounts, 
whereas  in  Heteropogon  only  small  amounts  occur  when 
TLS  are  present.  Nevertheless  the  presence  and  type  of 
TLS  seems  to  support  the  taxonomic  grouping  and 
supposed  relationships  of  these  two  genera. 


FIGURE  3\.—Schizachyrium  (Panicoideae:  Andropogoneae:  Andropogoninae).  A,  S.  sanguineum  with  conspicuous  deposits  laterally  in  adaxial 
bulliform  cells.  B,  S.  ursulus  with  TLS  concentrated  in  the  extreme  leaf  margin.  C-D,  S.  jeffreysii : C,  detail  of  granular  nature  of  dense 
deposits  in  bulliform  cells;  D,  less  dense  granular  deposits  in  bulliform  cells.  Ellis  vouchers:  A,  136;  B,  1359;  C,  1120 ; D,  2044.  A,  B, 
x 100;  C,  D,  x 400. 
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FIGURE  32. — Heteropogon  (Panicoideae:  Andropogoneae:  Anthistiriinae).  A— C,  H.  contortus:  A,  lateral  TLS  deposits  near  leaf  margin;  B, 
margin  without  TLS;  C,  cellular  detail  showing  absence  of  deposits  in  the  epidermal  cells.  D— F.  H.  melanocarpus:  D,  outline  with  granular 
inclusions  in  laterally  situated  bulliform  cells;  E,  detail  of  coarse  granular  nature  of  TLS  deposits;  F,  specimen  without  TLS  in  epidermal 
cells.  Ellis  vouchers:  A,  1918:  B,  C,  2049:  D,  E,  3688 ; F,  1884.  A,  B.  D,  F,  x 100;  C,  E,  x 400. 


In  Hyparrhenia  all  species  and  virtually  all  specimens 
contain  copious  amounts  of  TLS  (Figure  33),  particularly 
in  the  lateral  parts  of  the  blade.  These  deposits  probably 
occur  in  all  six  sections  of  the  genus  but  are  most  common 
in  section  Polydistachyophorum . The  species  of  Hypar- 
rhenia are  very  difficult  to  distinguish  due  to  introgression 
(Clayton  & Renvoize  1986)  and  this  is  reflected  in  the  leaf 
anatomy  and  TLS  occurrence.  Hyperthelia  dissoluta 
(Figure  34)  is  also  virtually  identical  to  Hyparrhenia  in 
leaf  anatomy  and  in  the  nature  of  its  TLS  deposits. 

Hyparrhenia  and  Hyperthelia  are  ideal  subjects  for 
further  investigation  into  the  exact  nature  and  functioning 
of  the  TLS  in  the  epidermis  and  all  specimens  from  very 
representative  samples  of  Hyparrhenia  hirta  (Figure  33A, 
B)  as  well  as  Hyperthelia  dissoluta  (Figure  34)  possessed 
large  numbers  of  cells  with  concentrated  bodies  of  TLS. 
In  addition,  Hyparrhenia  filipendula  and  H.  hirta  have 
been  shown  to  contain  leuco-anthocyanins  (Bate-Smith  & 
Swain  1967). 

Although  TLS  were  observed  in  all  specimens  of 
Monocymbium  studied,  they  were  never  dense  or  filling 
the  cell  lumens.  Instead,  peripheral  granular  material  was 
only  noted  in  association  with  the  cell  wall.  A few  black 
granules  were,  therefore,  seen  adhering  to  the  walls  in  a 
few  epidermal  cells  only.  This  included  adaxial  bulliform 
cells  as  well.  Monocymbium  does  not  appear  to  be  very 
close  to  any  other  southern  African  member  of  the 
Anthistiriinae  and  it  is  difficult  to  interpret  this  unusual 
TLS  configuration.  Ecologically  Monocymbium  is  asso- 


ciated with  a suite  of  sour  grasses,  most  of  which  have 
well  developed  TLS  deposits,  and  it  was  unexpected  not 
to  find  large  resinous  bodies  in  this  taxon. 

The  occurrence  of  TLS  in  Themeda  triandra  is 
exceedingly  variable  (Figure  35)  with  some  specimens 
lacking  them  entirely.  In  vegetative  morphology  T.  triandra 
is  also  very  variable  but  there  does  not  appear  to  be  a 
relationship  between  the  morphology  and  the  presence  of 
TLS.  This  species  is  clearly  related  to  Heteropogon 
(Clayton  & Renvoize  1986)  where  TLS  deposits  are  never 
very  well  developed.  In  Themeda , on  the  gther  hand, 
copious  deposits  are  often  present  (Figure  35D— G).  These 
differences  in  TLS  presence  appear  to  be  related  to  ecology 
and  possibly  management  regime  as  discussed  later. 
Themeda  populations  with  and  without  TLS  deposits  will 
be  interesting  study  subjects  for  evaluating  the  possible 
ecological  role  of  these  TLS  in  grasses. 

Heteropogon 

contortus  (L.)  Roem.  & Schult.  (Figure  32A— C)  6/10 

Small  amounts  of  dark  peripheral  deposits  sometimes 
occur  in  the  lateral  parts  of  the  epidermis  (Figure  32 A). 
This  species  never  with  copious  amounts  of  TLS.  A very 
widespread  tufted  grass.  TLS  occurrence  variable,  present 
in  specimens  from  Highland  Sourveld  44  (Mooi  River), 
Bankenveld  61  (Pretoria),  Sourish  Mixed  Bushveld  19 
(Hartebeespoort),  Sour  Bushveld  20  (Waterberg),  Low- 
veld  Sour  Bushveld  9 (Punda  Maria)  and  even  Kalahari 
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Thornveld  invaded  by  Karoo  17  (Ritchie).  Absent 
from  North-eastern  Sandy  Highveld  57  (Dullstroom), 
Bankenveld  61  (Pretoria)  and  Eastern  Province  Thornveld 
7 (Komga).  C4  NADP-me. 

melanocarpus  (Ell.)  Benth.  (Figure  32D— F)  2/4 

Coarse,  rather  granular  peripheral  deposits  more 
concentrated  in  the  lateral  adaxial  and  abaxial  epidermal 
cells,  including  the  bulliform  cells.  An  annual  from  rocky 
habitats  in  Mopani  Veld  15.  Specimens  from  eastern 
Caprivi  with  TLS  but  those  from  the  Punda  Maria  area 
without.  C4  NADP-me. 

Hyparrhenia 
anamesa  Clayton  8/8 

Resinous  droplets  or  amorphous  bodies,  either  black  or 
red-brown,  in  abaxial  intercostal  long  cells  and  adaxial 


bulliform  cells.  These  accumulations  only  occur  in 
long  cell  files  without  stomata,  although  the  papillae 
on  the  interstomatal  cells  may  contain  granular  deposits. 
Quantity  of  TLS  inclusions  variable  and  may  be  limited 
to  extreme  lateral  bulliform  groups  only  or  the  TLS 
may  be  a conspicuous  feature  of  most  of  the  epider- 
mal cells.  A widespread  species,  often  of  disturbed 
roadside  habitats.  Collections  from  Sourish  Mixed 
Bushveld  19  (Cullinan,  Zoutpan,  Hartebeespoort, 
Warmbad),  Bankenveld  61  (Pretoria),  Southern  Tall 
Grassveld  65  (Newcastle),  Coastal  Forest  1 (Natal  South 
Coast)  and  even  Coastal  Fynbos  47  (Herbertsdale).  C4 
NADP-me. 


collina  (Pilg.)  Stapf  1/1 

Black,  resinous  contents  in  intercostal  long  cells.  From 
’Ngongoni  Veld  5 (Melmoth).  C4  NADP-me. 


FIGURE  33.— Hyparrhenia  (Panicoideae:  Andropogoneae:  Anthistiriinae).  A— B,  H.  hirta : A,  leaf  blade  outline  showing  increasing  concentration 
of  TLS  deposits  towards  the  margin;  B,  detail  of  resinous  deposits  entirely  filling  bulliform  cells  and  abaxial  intercostal  long  cells.  C, 
H.  schimperi  with  lateral  TLS  bodies.  D,  H.  quarrei  with  dense  TLS  deposits  near  the  leaf  margin.  E,  H.  rudis  with  resinous  deposits 
in  bulliform  cells.  F,  H.  dichroa  showing  distribution  of  TLS  in  abaxial  epidermal  cells.  G,  H.  dregeana  with  dense  TLS  deposits  in  inter- 
costal long  cell  files  except  the  stomatal  files.  Ellis  vouchers:  A,  4772 ; B,  5599;  C,  4480 ; D,  4436,  E,  4481 ; F,  1538;  G,  964.  A,  C,  D, 
F,  x 100;  B,  E,  x 250;  G,  x 400. 
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cymbaria  (L.)  Stapf  6/6 

Dark  red  to  black  resinous  contents  particularly 
prominent  in  lateral  adaxial  bulliform  cells  and  abaxial 
intercostal  long  cells,  except  the  interstomatals.  A species 
of  forest  margins  and  streambanks  in  damp,  cool  habitats. 
From  North-eastern  Mountain  Sourveld  8 (Magoebas- 
kloof,  Duiwelskloof,  The  Downs,  Ngome)  and  Highland 
Sourveld  44  (Elandskraal,  Howick).  C4  NADP-me. 

dichroa  (Steud.)  Stapf  (Figure  33F)  1/1 

Conspicuous,  coarsely  granular  to  resinous  deposits  in 
lateral  bulliform  cells  and  abaxial  intercostal  long  cells 
except  the  interstomatals  and  stomatal  subsidiaries.  From 
Lowveld  Sour  Bushveld  9 (Barberton).  C4  NADP-me. 

dregeana  (Nees)  Stapf  (Figure  33G)  4/5 

Grey  to  black,  granular  to  resinous  deposits  occur  in 
most  epidermal  long  cells  except  in  the  stomatal  files 
(Figure  33G).  Present  both  adaxially  and  abaxially  but 
more  concentrated  near  the  margins.  Streambanks  and 
well-watered  roadside  verges  in  tall  grassland.  Specimens 
from  Highland  Sourveld  to  Cymbopogon-Themeda  Veld 
Transition  56  (Clocolan),  North-eastern  Sandy  Highveld 
57  (Wakkerstroom),  Highland  Sourveld  44  (Cathedral 
Peak)  and  Natal  Mist  Belt  ’Ngongoni  Veld  45  (Greytown). 
A specimen  from  Turf  Highveld  52  (Standerton)  without 
TLS.  C4  NADP-me. 

filipendula  (Hochst.)  Stapf  var.  filipendula  2/2 

Coarsely  granular  or  resinous  deposits  concentrated  in 
epidermal  cells  near  leaf  margin.  A forest  precursor  in 
rank  vegetation  from  Coastal  Forest  1 (Mtunzini)  and 
Lowveld  Sour  Bushveld  9 (Barberton).  C4  NADP-me. 

filipendula  (Hochst.)  Stapf  var.  pilosa  (Hochst.)  Stapf  5/5 

Cellular  distribution  and  nature  of  contents  typical  of 
that  of  TLS  in  this  genus.  A species  of  tall  rank  vegetation, 
often  near  streambanks.  Collections  from  Coastal  Forest 
1 (Natal  South  Coast),  Lowveld  Sour  Bushveld  9 (Punda 
Maria)  and  rocky  but  moist  habitats  in  Lowveld  10  (Lower 
Sabie).  C4  NADP-me. 

gazensis  (Rendle)  Stapf  2/2 

Granular,  sooty  substance  in  most  intercostal  long  cells 
(except  the  interstomatals  and  subsidiaries)  and  in  lateral 
bulliform  cell  groups.  Found  in  sunny  clearings  in  mist 
belt  forest.  From  North-eastern  Mountain  Sourveld  8 
(Tzaneen)  and  the  Chimanimani  Mountains  of  Zimbabwe. 
C,  NADP-me. 

hirta  (L.)  Stapf  (Figure  33A,  B)  14/14 

Red  or  black,  coarsely  granular  or  resinous  epidermal 
cell  contents  very  common  throughout  sample.  Concen- 
trated in  lateral  bulliform  cells  (Figure  33B)  and  abaxial 
intercostal  long  cells  except  those  of  the  stomatal  files.  A 
widespread  species  with  very  wide  ecological  tolerances, 


occurring  in  sour  grassland  and  bushveld  and  extending 
into  the  Karoo  and  even  Namaqualand  and  the  Namib 
Desert.  In  the  drier  areas  it  is  confined  to  moister,  rocky 
habitats  but  occurs  in  open  grassland  in  grassveld 
communities.  From  the  following  veld  types:  Coastal 
Fynbos  47  (Mossel  Bay),  Natal  Mist  Belt  'Ngongoni  Veld 
45  (Greytown),  Highland  Sourveld  44  (Majuba  Pass), 
North-eastern  Mountain  Sourveld  8 (Long  Tom  Pass), 
Bankenveld  61  (Pretoria),  Sourish  Mixed  Bushveld  19 
(Cullinan),  Sour  Bushveld  20  (Potgietersrust,  Rustenburg), 
False  Upper  Karoo  36  (Graaff  Reinet,  Colesberg),  Nama- 
qualand Broken  Veld  33  (Springbok)  and  the  Namib  Desert 
(Naukluft).  In  all  specimens  from  these  various  habitats 
TLS  deposits  were  always  present.  C4  NADP-me. 

pilgeriana  C.E.  Hubb.  1/1 

Black,  resinous  intercostal  long  cell  contents.  From 
Highland  Sourveld  44  (Nottingham  Road).  C4  NADP- 
me. 


quarrei  Robyns  (Figure  33D)  4/4 

Black  or  dark  red  resinous  cell  inclusions  most  concen- 
trated in  lateral  parts  of  the  leaf  lamina  (Figure  33D). 
Deposits  absent  from  stomatal  files.  Damp  streambanks 
or  roadsides.  From  Pietersburg  Plateau  False  Grassveld 
67  (Pietersburg),  North-eastern  Mountain  Sourveld  8 
(Blyde  River  Canyon),  Southern  Tall  Grassveld  65 
(Dundee)  and  Natal  Mist  Belt  'Ngongoni  Veld  45  (Pieter- 
maritzburg). C4  NADP-me. 

rudis  Stapf  (Figure  33E)  3/3 

Black  granular  or  resinous  deposits  in  many  bulliform 
cells  as  well  as  abaxial  intercostal  long  cells  except  those 
in  the  stomatal  files.  Disturbed  roadsides  in  Lowveld  Sour 
Bushveld  9 (Waterval  Onder).  C4  NADP-me. 

rufa  (Nees)  Stapf  1/1 

Resinous  deposits  present  in  lateral  parts  of  the  leaf. 
Grassy  drainage  lines  in  Mopani  Veld  15  (Caprivi).  C4 

NADP-me. 


schimperi  (Hochst.  ex  A. Rich.)  Anderss.  ex  Stapf  (Figure 
33C)  1/1 

Black  resinous  epidermal  cell  contents  in  lateral  parts 
of  the  leaf  blade  but  coarse  granular  TLS  deposits  nearer 
the  midrib  (Figure  33C).  Disturbed  roadsides  in  Lowveld 
Sour  Bushveld  9 (Waterval  Onder).  C4  NADP-me. 

tamba  (Steud.)  Stapf  4/4 

Dark  red  or  black,  resinous,  or  coarsely  granular, 
contents  in  epidermal  cells,  particularly  near  the  margin. 
A tall  species  of  disturbed  habitats  or  forest  margins. 
Collected  in  Lowveld  Sour  Bushveld  9 (Punda  Maria, 
Tzaneen)  and  Sourish  Mixed  Bushveld  19  (Cullinan).  C4 
NADP-me. 
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FIGURE  34.  — Hyperthelia  dissoluta  (Panicoideae:  Andropogoneae:  Anthistiriinae).  A,  margin  with  resinous  deposits  in  bulliform  cells;  B,  detail 
of  TLS  deposits  in  both  epidermides;  C,  TLS  deposits  in  epidermal  cells,  note  deposits  in  abaxial  papillae;  D,  epidermal  distribution  pattern 
of  TLS  with  concentations  in  interstomatal  long  cells;  E,  interference  contrast  illumination  showing  TLS  concentrated  in  long  cells  adjacent 
to  the  stomatal  files.  Ellis  vouchers:  A,  B,  E,  4512;  C,  2056;  D,  5252.  A,  D,  x 100;  B,  x 250;  C,  E,  x 400. 


Hyperthelia 

dissoluta  (Nees  ex  Steud.)  Clayton  (Figure  34)  9/9 

Copious  amounts  of  coarse  granular  to  black  amor- 
phous deposits  in  all  abaxial  long  cells  including  the 
interstomatal  cells  (Figure  34D).  This  location  less 
common  than  in  the  long  cell  files  adjacent  to  the  stomatal 
files  (Figure  34E).  Common  in  adaxial  bulliform  cells 
as  well.  Cellular  distribution  of  TLS  identical  to  that 
exhibited  by  all  Hyparrhenia  species.  A common  grass 
of  savanna  and  bushveld  vegetation  in  well  drained  soils. 
From  Coastal  Forest  1 (Sodwana  Bay),  Lowveld  10 
(Sabie  Sand),  Lowveld  Sour  Bushveld  9 (Punda  Maria, 
Barberton),  Sour  Bushveld  20  (Potgietersrust)  and  Banken- 
veld  61  (Pretoria).  C4  NADP-me. 

Monocymbium 

ceresiiforme  (Nees)  Stapf  7/7 

Small  amounts  of  granular  inclusions  around  the 
periphery  of  a few  lateral  cells  only.  No  specimen  with 
resinous  contents  filling  the  cell  lumens.  A species  of  sour, 
mountain  grassland.  From  North-eastern  Mountain 
Sourveld  8 (Long  Tom  Pass),  North-eastern  Sandy 
Highveld  57  (Ermelo),  Piet  Retief  Sourveld  63  (Piet  Retief) 
and  Highland  Sourveld  44  (Majuba  Pass,  Bulwer).  C4 
NADP-me. 


Themeda 

triandra  Forssk.  (Figure  35)  10/14 

Cells  with  either  granular  or  resinous  deposits  concen- 
trated laterally  in  the  lamina,  particularly  the  bulliform 
cell  groups  (Figure  35B— D).  Density  of  deposits  is  very 
variable  and  some  specimens  lack  TLS  entirely.  A 
widespread,  often  dominant,  species  of  grassland  and 
savanna.  Collections  with  TLS  from  Coastal  Fynbos  47 
(Bredasdorp),  Eastern  Province  Thornveld  7 (Komga), 
Coastal  Forest  1 (Pondoland,  Natal  South  Coast),  Banken- 
veld  61  (Pretoria),  Highland  Sourveld  to  Cymbopogon- 
Themeda  Veld  Transition  56  (Clocolan)  and  Themeda- 
Festuca  Alpine  Veld  58  (Mont-aux-Sources).  Specimens 
lacking  TLS  all  from  Lowveld  10  (Mkuze,  Mtubatuba, 
Sabie  Sand)  and  Gobabis,  Namibia.  C4  NADP-me. 

Sorghinae 

This  subtribe  exhibits  considerable  variation  in  the 
cellular  pattern  of  TLS  distribution  as  well  as  the 
occurrence  of  TLS  in  the  genera  and  species  comprising 
this  subtribe.  Some  genera  lack  TLS  altogether,  in  others 
they  are  always  present  and  yet  others  have  some  species 
with,  and  others  without,  TLS.  Thus  epidermal  cell 
inclusions  are  absent  in  Chrysopogon  and  Vetiveria, 
usually  present  in  Bothriochloa,  Cleistachne,  Dichanthium 
and  Sorghastrum  but  Sorghum  is  variable  with  some 
species  with  and  others  without  TLS. 
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TLS  distribution  in  Bothriochloa  is  complex.  In 
southern  African  species  these  substances  always  appear 
to  be  present  in  B.  bladhii  (Figure  36)  but  rarely  and  in 
small  amounts  in  B.  insculpta  (Figure  37A,  B)  and  never 
in  B.  radicans  (Figure  37C,  D).  In  South  American  species 
examined,  a similar,  confusing  distribution  pattern  is 
evident  with  concentrated  deposits  sometimes  present  in 
B.  saccharoides  (Figure  38)  but  none  were  observed  in 
B.  laguroides. 

The  cellular  distribution  patterns  in  B.  bladhii  and 
B.  saccharoides  are  identical  and  very  similar  to  those 


exhibited  by  the  Sorghum  species  with  TLS  (Figure  45). 
In  all  these  taxa  TLS  are  concentrated  in  intercostal  cells 
in  the  abaxial  surface  and  are  rare  on  the  adaxial  surface. 
They  do  not  occur  in  the  bulliform  groups  (except  laterally 
as  in  Figure  38A)  but  may  be  present  in  intercostal  long 
cells  adjoining  these  groups.  Abaxially  the  occurrence  of 
TLS  is  also  characteristic  in  that  all  intercostal  files  (except 
the  stomatal  files)  may  contain  bodies.  In  both  transec- 
tion and  surface  view  it  is  clear  that  these  are  usually 
isolated  files  of  cells  in  which  separate  chains  of  darkly 
stained  bodies  occur  (Figures  36,  38  & 45F).  B.  insculpta, 
which  only  sometimes  has  very  few  cells  with  TLS,  has 


FIGURE  35,—Themeda  triandra  (Panicoideae:  Andropogoneae:  Anthistiriinae).  A,  lowveld  specimen  without  TLS  in  leaf  blade;  B,  Free  State 
highveld  specimen  with  deposits  in  region  of  margin  only;  C,  alpine  grassland  specimen  with  TLS  throughout  adaxial  epidermal  surface, 
becoming  more  concentrated  laterally;  D,  coastal  specimen  with.dense  resinous  deposits;  E,  detail  of  resinous  nature  of  deposits  in  adaxial 
and  abaxial  epidermal  cells;  F,  dense,  black  adaxial  and  abaxial  deposits;  G,  phase  contrast  of  unstained  leaf  clearly  showing  amorphous 
nature  of  TLS;  H,  abaxial  epidermis  with  finely  granular  deposits  in  intercostal  cells  except  the  stomatal  subsidiaries.  Ellis  vouchers:  A, 
84:  B,  H,  974;  C,  3129:  D,  F,  3800:  E,  1670 ; G,  24.  A,  B,  C,  D,  x 100;  E,  F,  G,  H,  x 400. 


38 


FIGURE  36. — Bothriochloa  bladhii  (Panicoideae:  Andropogoneae: 
Sorghinae).  A,  leaf  outline  with  no  lateral  concentration  of  TLS; 
B,  detail  of  TLS  deposits  adjacent  to  the  bulliform  group  and 
abaxially  in  the  intercostal  zones  except  in  the  stomatal  files;  C, 
pattern  of  TLS  distribution  in  the  abaxial  epidermis.  Ellis 
vouchers:  A,  C,  1913;  B,  4473.  A,  x 100;  C,  x 250;  B,  X 400. 

been  shown  to  possess  leuco-anthocyanins  in  the 
leaves  (Bate-Smith  & Swain  1967),  a finding  which  does 
not  appear  to  support  the  observations  in  this  study. 


Bothriochloa  is  barely  distinct  from  Dichanthium  due 
to  hybridization  and  introgression  from  B.  bladhii  (Clayton 
& Renvoize  1986),  and  some  authors  advocate  uniting 
these  genera.  Anatomically  this  appears  to  apply  only  to 
D.  aristatum  (Figure  41)  but  not  D.  annulatum  (Figure  40) 
as  these  two  species  differ  considerably  in  leaf  anatomy 
and  TLS  type  and  distribution.  Patterns  of  TLS  distribution 
are  very  difficult  to  interpret  in  these  closely  related  genera 
and  a much  larger  species  sample  is  necessary  before 
natural  patterns  can  become  evident. 

Chrysopogon  lacks  TLS  entirely  and  its  leaf  anatomy 
does  not  bear  close  resemblances  to  that  of  any  other 
species  in  the  subtribe,  mainly  due  to  the  presence  of 
numerous  small  intercostal  hooks  and  their  associated  cork 
cells  (Figure  39E).  The  arrangement  of  the  tissues  as  seen 
in  transection  is  slightly  reminiscent  of  that  in  Sorghum 
subgenus  Sorghum  (Figure  43),  to  which  it  appears  to  be 
allied  (Clayton  & Renvoize  1986)  although  the  racemes 
are  extremely  reduced.  TLS  absence  and  leaf  anatomy  do 
not  provide  clear  clues  as  to  the  relationships  of  this  distinct 
genus. 

Sorghastrum  is  considered  to  be  a relative  of  Sorghum 
(Clayton  & Renvoize  1986)  although  the  leaf  anatomy  does 
not  strongly  support  this  relationship  but  rather  suggests 
a closer  link  with  Saccharum.  TLS  presence  in 
Sorghastrum  is  consistent  but  never  in  concentrated 
deposits.  In  S.  stipoides  these  substances  are  never 
common  (Figure  42D),  being  found  only  in  association 
with  the  margin.  The  pattern  of  TLS  deposits  in  S.  freisii 
is  very  similar  to  that  present  in  Sorghum  species  with  TLS 
and  this  may  be  suggestive  of  phylogenetic  affinities  be- 
tween these  two  genera,  even  though  it  contradicts  the  in- 
dications from  overall  anatomy.  Sorghastrum  nutans 
possibly  has  condensed  tannins  in  the  leaves  (Rice  & Pan- 
choly  1973)  but  this  report  needs  confirmation. 

The  distribution  pattern  of  TLS  occurrence  in  Sorghum 
closely  approximates  the  subgeneric  classification  of  the 


FIGURE  37. — Bothriochloa  (Panicoideae:  Andropogoneae:  Sorghinae).  A— B,  B.  insculpta:  A,  very  few  cells  in  margin  with  TLS;  B,  indistinct, 
granular  deposits  irregularly  arranged  in  intercostal  long  cells.  C— D,  B.  radicans:  C,  no  TLS  bodies  in  epidermal  cells;  D,  detail  of  epider- 
mal cells  without  visible  inclusions.  A,  B,  Liengme  572 ; C,  Ellis  1896;  D,  Ellis  4537.  A,  X 100;  C,  X 250;  B,  D,  x 400. 
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FIGURE  38. — Bothriochloa  saccharoides  (Panicoideae:  Andropogoneae: 
Sorghinae).  A,  abaxial  and  adaxial  TLS  deposits  in  epidermal 
cells,  adaxial  deposits  only  near  margin;  B,  abaxial  epidermis 
with  deposits  common  throughout  intercostal  zones.  A,  B,  Sanchez 
& Arriaga  1285.  A,  B,  x 250 

genus  (Clayton  & Renvoize  1986).  Subgenus  Sorghum , 
represented  in  this  study  by  S.  bicolor,  S.  halepense  and 
S.  propinquum  (Figure  43),  seems  to  lack  TLS  entirely. 
S.  macrospermum  of  subgenus  Chaetosorghum  (Figure 


44A— C)  from  Australia  also  does  not  have  TLS  in  its 
leaves  as  do  S.  matarankense  (Figure  44D— F)  of  subgenus 
Stipasorghum  and  S.  nitidum  (Figure  44G,  H)  of  subgenus 
Parasorghum.  However,  TLS  appear  to  be  present  in 
subgenus  Parasorghum  as  represented  by  S.  versicolor 
(Figure  45A— C)  from  Africa  and  this  subgenus  is  not 
uniform  in  respect  of  this  attribute.  The  Australian 
subgenus  Stipasorghum  is  also  heterogeneous  in  respect 
of  TLS:  they  are  present  in  S.  intrans  and  S.  stipoideum , 
and  absent  in  S.  matarankense.  Parasorghum  and  Stipa- 
sorghum differ  cytogenetically  from  the  rest  of  the  genus 
and  TLS  distribution  once  again  reflects  the  accepted 
taxonomy  of  the  genus. 

Some  cultivars  of  subgenus  Sorghum  contain  condensed 
tannins  (pro-anthocyanidins)  in  their  seed  coats,  which  is 
thought  to  account  for  their  bird-repellant  properties 
(Butler  1982;  Yadav  & Rana  1983).  No  evidence  of  TLS 
in  the  leaves  of  these  cultivars  of  S.  bicolor  was  detected 
microscopically,  even  in  plants  known  to  have  bird-resistant 
seeds.  However,  Reed  et  al.  (1987)  showed  that  leaves  of 
bird-resistant  cultivars  were  higher  in  most  phenolic  com- 
pounds than  were  those  of  non-resistant  cultivars.  Men- 
tion is  also  made  in  the  literature  of  sorghum  forage  and 
silage  with  reduced  intake  and  digestibility  due  to  the 
presence  of  condensed  tannins  (Paroda  et  al.  1975;  Reed 
et  al.  1987).  Whole  plant  tannin  levels  in  bird-resistant, 
bird-susceptible  and  fodder  sorghum  cultivars  increase 
with  maturity  and  are  greatest  in  fodder  sorghum  (Mont- 
gomery et  al.  1984). 

Caution  is  required  in  interpreting  some  of  these  results 
as  they  may  be  due  to  false  positive  results  in  the  Vanillin- 
HC1  assay  (Walton  et  al.  1983)  and  these  leaves  may 


FIGURE  39,—Chrysopogon  serrulatus  (Panicoideae:  Andropogoneae:  Sorghinae).  A,  lateral  part  of  blade  without  darkly  stained  bodies  in  the 
epidermal  cells;  B,  V-shaped  leaf  outline  without  TLS;  C,  cellular  detail  with  only  the  bases  of  intercostal  hooks  stained  in  the  epidermis; 
D,  no  epidermal  cells  with  granular  or  resinous  deposits;  E,  epidermis  with  numerous  intercostal  hooks  and  cork  cells.  Ellis  vouchers: 
A,  C,  3596;  B,  E,  3612;  D,  3582.  A,  B,  x 100;  C,  D,  E,  x 400. 
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The  cellular  patterns  of  TLS  distribution  (when  present) 
in  the  Sorghinae  are  very  distinctive  and  serve  to  separate 
this  subtribe  from  all  other  groupings  in  the  Andro- 
pogoneae.  It  appears  that  the  location  of  these  substances 
in  the  taxa  of  this  subtribe  may  be  of  taxonomic 
importance. 

Bothriochloa 

bladhii  (Retz.)  S.T.  Blake  (Figure  36)  6/6 

Slight  granular  deposits  or  solid  resinous  masses  irregu- 
larly dispersed  throughout  abaxial  leaf  epidermis.  All  cells 
of  intercostal  long  cell  files  with  TLS  except  the  stomatal 
files.  Adaxially  TLS  are  rare,  found  irregularly  in  the  long 
cells  adjacent  to  the  bulliform  fans  (Figure  36B).  A species 
of  damp  stream  banks  and  vleis.  Collections  from  Mixed 
Bushveld  18  (Hartebeespoort  and  Loskop  Dam),  North- 
eastern Mountain  Sourveld  8 (Graskop),  Lowveld  Sour 
Bushveld  9 (Punda  Maria)  and  Lowveld  10  (Skukuza  and 
Kaapmuiden).  C4  NADP-me. 

insculpta  (Hochst.)  A.  Camus  (Figure  37A,  B)  3/5 

Absent  or  fine  granular  contents  in  some  abaxial 
epidermal  cells  and  marginal  bulliform  cells  may  have 
resinous  deposits.  Never  very  common  or  conspicuous. 
A species  of  variable  habitat,  often  on  dry,  rocky  slopes 
and  disturbed  roadsides.  The  specimen  from  Lowveld  Sour 
Bushveld  9 (Waterval  Onder)  had  the  most  TLS,  those 
from  Lowveld  10  (Kaapmuiden  and  Barberton)  had  very 
little  in  marginal  bulliform  cells  only  and  those  from 
Sourish  Mixed  Bushveld  19  (Roodeplaat  and  Cullinan) 
were  without  TLS.  C4  NADP-me. 

radicans  (Lehm.)  A.  Camus  (Figure  37 C,  D)  0/3 

TLS  absent.  A species  of  black  turf  soils  in  Lowveld 
10  (Kruger  National  Park  and  Mkuze).  C4  NADP-me. 


FIGURE  40. — Dichanthium  annulatum  var.  papillosum  (Panicoideae: 
Andropogoneae:  Sorghinae).  A,  very  few  cells  with  TLS 
in  extreme  margin;  B,  anatomical  detail  without  TLS  deposits; 
C,  very  papillate  abaxial  surface  without  TLS  bodies  in  epider- 
mal cells.  Ellis  vouchers:  A,  1820,  B,  C,  3712.  A,  X 100;  B,  C, 
X 400. 

only  have  possessed  leuco-anthocyanins  rather  than 
condensed  pro-anthocyanins.  This  may  explain  the 
discrepancy  between  the  observations  of  the  present  study 
and  the  results  of  previous  workers.  It  is  of  interest  to  note 
that  tannins  in  grain  Sorghum  have  been  linked  to  increased 
incidence  of  oesophagal  cancer  in  man  (Morton  1978). 

Vetiveria  is  another  genus  in  the  Sorghinae  in  which  TLS 
are  absent  (Figure  46).  This  genus  appears  to  be  related 
to  Sorghum  subgenus  Parasorghum  and  also  shows  links 
to  Chrysopogon  (Clayton  & Renvoize  1986).  This  possible 
relationship  is  supported  by  TLS  distribution,  except  that 
Sorghum  versicolor , which  has  distinctive  TLS  deposits, 
is  currently  classified  in  Parasorghum.  The  overall 
anatomical  configuration  of  the  leaf  of  Vetiveria  shows  well 
developed  hydrophytic  specialization  (Figure  46)  and 
bears  little  resemblance  to  that  of  either  Sorghum  or 
Chrysopogon. 


Chrysopogon 

serrulatus  Trin.  (Figure  39)  0/5 

TLS  absent  in  all  specimens.  A species  of  shallow,  rocky 
soils  in  the  Kalahari  Thornveld  16  (Douglas,  Kuruman, 
Vryburg  and  Campbell).  C4  NADP-me. 

Cleistachne 
sorghoides  Benth.  1/1 

Granular  deposits  in  extreme  lateral  adaxial  cells  only. 
Cultivated.  C4  NADP-me. 

Dichanthium 

annulatum  (Forssk.)  Stapf  var.  papillosum  (A.  Rich.) 
De  Wet  & Harlan  (Figure  40)  8/8 

Very  small  quantities  of  laterally  located  granular 
deposits  in  all  specimens.  From  black  hydromorphic  clay 
soils  in  vleis  in  tropical  bush  and  savanna.  From  Mopani 
Veld  15  (Punda  Maria  and  eastern  Caprivi),  Lowveld  10 
(Sabie  Sand  and  Lower  Sabie)  and  Springbok  Flats  Turf 
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FIGURE  41. — Dichanthium  aristatum  (Panicoideae:  Andropogoneae:  Sorghinae).  A.  leaf  outline  with  abaxial  TLS  deposits  common  across  entire 
leaf  width;  B,  detail  of  darkly  stained  resinous  contents  of  intercostal  long  cells;  C.  adaxial  TLS  deposits  only  in  region  of  leaf  margin; 
D,  abaxial  epidermis  cells  with  granular  contents,  not  present  in  stomatal  files.  Ellis  vouchers:  A.  B,  775;  C,  D,  3905.  A,  X 100;  C,  X 
250;  B.  D,  x 640. 


FIGURE  42. — Sorghastrum  (Panicoideae:  Andropogoneae:  Sorghinae).  A— C,  S.  freisii:  A,  leaf  blade  outline  showing  concentration  of  TLS  in 
abaxial  epidermal  cells,  no  TLS  in  bulliform  cells  except  the  extreme  lateral  groups;  B,  detail  of  adaxial  TLS  deposits  in  intercostal  cells 
adjacent  to  the  bulliform  fans  and  abaxial  deposits  in  isolated  intercostal  long  cells;  C,  abaxial  epidermis  with  isolated  files  of  long  cells 
with  granular  TLS  deposits.  D,  S.  stipoides  without  TLS  in  epidermal  cells.  Ellis  vouchers:  A,  B,  2082 ; C,  3695',  D,  3382.  A,  X 100; 
C,  D,  x 400;  B,  x 640. 
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Thornveld  12  (Warmbaths  and  Onderstepoort).  C4 

NADP-me. 

aristatum  (Poir.)  C.E.  Hubb.  (Figure  41)  5/5 

Coarsely  granular  contents  filling  cell  lumens  of  many 
abaxial  intercostal  long  cells  except  those  in  the  stomatal 
files  (Figure  41D).  Extreme  marginal  adaxial  bulliform  cell 
group  usually  with  resinous  contents.  Restricted  to 
seasonally  moist  black  turf  soils  of  the  Springbok  Flats 
Turf  Thornveld  12,  north  of  Pretoria.  C4  NADP-me. 

Sorghastrum 

freisii  (Pilg. ) Pilg.  (Figure  42 A— C)  4/4 

Black,  amorphous  deposits  fill  cell  lumens  or  large 
resinous  droplets  present  in  abaxial  epidermal  long  cells 
but  not  those  associated  with  the  stomatal  files.  Marginal 
adaxial  bulliform  cell  groups  also  with  resinous  inclusions. 
A hygrophilous  species  of  seasonally  inundated  vleis  and 
floodplains  in  Mixed  Bushveld  18  (Loskop  Dam)  and  the 
Caprivi.  C4  NADP-me. 

stipoides  (Kunth)  Nash  (Figure  42D)  2/2 

Small  amounts  of  black  resinous  deposits  only  present 
in  marginal  epidermal  cells.  A species  of  coastal  see- 
page areas  in  Coastal  Forest  1 (St  Lucia,  Mtunzini).  C4 

NADP-me. 


Sorghum 

bicolor  (L.)  Moench  (Figure  43A— C)  0/6 

TLS  not  present  on  any  specimen  (Figure  43A— C). 
Widespread  weedy  species  of  disturbed  habitats  and 
cultivation.  Collections  from  Coastal  Forest  1 (Natal  North 
and  South  Coasts),  Lowveld  10  (Lower  Sabie),  Sourish 
Mixed  Bushveld  19  (Roodeplaat)  and  cultivation.  C4 
NADP-me. 

halepense  Anderss.  (Figure  43D— F)  0/7 

No  TLS  present.  A rhizomatous,  weedy  species  from 
Coastal  Forest  1 (Natal  South  Coast),  Sourish  Mixed 
Bushveld  19  (Roodeplaat)  and  Bankenveld  61  (Pretoria). 
C4  NADP-me. 

versicolor  Anderss.  (Figure  45A— C)  6/6 

Conspicuous  black  amorphous  contents  entirely  fill 
lumens  of  intercostal  epidermal  cells  scattered  through- 
out both  epidermides  (Figure  45B)  or,  more  commonly, 
only  in  the  abaxial  epidermis  (Figure  54 A,  C).  TLS  occur 
in  isolated  individual  cells  and  not  in  interconnected 
systems  as  is  more  usual.  They  also  do  not  occur  in  the 
central  cells  of  bulliform  groups  but  only  on  edges  of 
bulliform  fans.  Restricted  to  black,  clay  soils  in  Lowveld 
10  (Lower  Sabie),  Mopani  Veld  15  (Punda  Maria),  Spring- 
bok Flats  Turf  Thornveld  12  (Warmbad,  Onderstepoort) 
and  Bankenveld  61  (Pretoria).  C4  NADP-me. 


Vetiveria 

nigritana  (Benth.)  Stapf  (Figure  46)  0/5 

No  TLS  in  any  epidermal  cells.  A hydrophyte  from  the 
Zambesi  floodplain.  C4  NADP-me. 

Rottboelliinae 

Five  genera  of  this  subtribe  possessed  TLS  in  all 
representatives  examined,  whereas  they  were  completely 
absent  in  three  others.  Thus  all  specimens  of  Coelorachis, 
Hemarthria,  Phacelurus,  Urelytrum  and  Vossia  have 
distinctive  TLS  deposits  but  none  are  present  in  Elionurus, 
Rhytachne  and  Rottboellia.  TLS  presence  in  this  subtribe, 
therefore,  follows  generic  lines  and  no  genera  are  hetero- 
geneous for  TLS  occurrence.  This  generic  distribution 
pattern  does  not  appear  to  correlate  with  any  of  the 
groupings  within  the  subtribe  (Clayton  & Renvoize  1986) 
but  the  uniform  presence  or  absence  of  TLS  in  the  genera 
is  noteworthy. 

The  TLS  deposits  are  conspicuously  granular  in 
Coelorachis,  Phacelurus  and  Vossia  with  no  concentra- 
tion laterally  near  the  margin.  These  deposits  tend  to  be 
resinous  in  Hemarthria  and  Urelytrum  with  a marked 
increase  in  TLS  laterally.  Hemarthria  is  unique  in  that  the 
stomatal  subsidiary  cells  may  also  be  filled  with  darkly 
staining,  resinous  material  (Figure  49F). 

Coelorachis  consistently  has  coarse  granular  deposits 
in  the  abaxial  epidermal  cells.  These  deposits  are  very 
irregular  and  do  not  completely  fill  the  cell  lumens.  In 
transection  they  are  difficult  to  detect,  usually  being 
closely  associated  with  the  cell  wall  (Figure  47)  but  these 
peripheral  deposits  are  also  present  in  the  adaxial  cells. 
There  is  also  no  lateral  concentration  of  the  TLS  inclusions 
in  C.  capensis.  This  rather  variable  genus  is  considered 
to  be  very  closely  related  to  Rhytachne  (Clayton  & 
Renvoize  1986)  but  this  is  not  substantiated  by  TLS 
occurrence  as  Rhytachne  lacks  TLS  completely. 

TLS  deposits  are  completely  absent  in  Elionurus  (Figure 
48).  Both  species  examined  have  an  astringent,  sour  taste 
and  probably  contain  essential  oils.  These  oils  are  known 
from  several  species  in  the  genus  (Clayton  & Renvoize 
1986).  A distinct  and  homogeneous  genus  without  close 
links  to  the  other  genera  of  the  subtribe  but  resembles 
Rhytachne  rottboellioides  (Figure  51D,  E)  very  closely  in 
leaf  anatomy. 

TLS  distribution  in  Hemarthria  is  very  interesting.  All 
specimens  examined  clearly  possessed  these  deposits  but 
their  frequency  in  the  epidermal  cells  and  concentration 
within  individual  cells  is  variable.  They  are  clearly  laterally 
concentrated  (Figure  49A,  B),  vary  from  peripheral 
granular  deposits  to  resinous  masses  entirely  filling  the 
cells  (Figure  49C,  D)  and,  in  surface  view,  may  be  absent 
in  stomatal  files  (Figure  49E)  or  even  be  present  in 
all  epidermal  cells,  including  the  stomatal  guard 
and  subsidiary  cells  (Figure  49F).  This  unusual  TLS 
distribution  pattern,  together  with  the  distinctive  leaf 
anatomy,  does  not  suggest  close  links  to  other 
andropogonoid  genera. 
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The  leaf  anatomy  of  Phacelurus  franksiae  is  highly 
modified  and  comparison  with  other  taxa  is  therefore 
difficult.  Nevertheless,  no  anatomical  similarities  with 
Ischaemum  are  evident  and  a relationship  with  this  genus 
does  not  seem  likely  (Clayton  & Renvoize  1986).  Similarly 
the  TLS  distribution  pattern  and  type  has  probably  been 
modified  by  the  extreme  reduction  in  the  laminae  (Figure 
50A)  and  will  contribute  little  information  of  relevance  to 
taxonomy.  Granular  to  resinous  bodies  seem  to  occur  in 
all  epidermal  cells  but  the  quantity  is  exceedingly  variable. 

The  leaf  anatomy  of  Rhytachne  is  very  variable, 
suggesting  a need  for  taxonomic  revision.  The  anatomy 
of  R.  rottboellioides  (Figure  5 ID,  E)  resembles  that  of 
Elionurus  (Figure  48)  very  closely.  This  applies  to  vascular 
bundle  arrangement,  adaxial  epidermal  papillae,  epidermal 


cell  arrangement  as  well  as  to  the  absence  of  TLS. 
The  anatomy  of  R.  latifolia  shares  very  little  in  common 
with  R.  rottboellioides  or  any  other  taxon  of  the  Rott- 
boelliinae  studied.  A derivation  of  Rhytachne  from 
Phacelurus  (Clayton  & Renvoize  1986)  also  does  not  seem 
likely. 

Rottboellia  cochinchinensis  (Lour.)  Clayton  ( =exaltata 
L.  f.),  with  its  expanded,  unspecialized  leaf  blade  has  leaf 
anatomy  which  differs  considerably  from  that  of  the  other 
taxa  of  this  subtribe.  The  leaf  anatomy  of  R.  cochinchinensis, 
with  a wide,  thin  lamina,  with  many  (16—25)  small  bundles 
between  the  larger  bundles  and  with  wide  intercostal  zones 
with  numerous  stomata  (Figure  52C)  closely  resembles 
that  of  the  andropogonoid  agronomic  crops:  Sorghum 
bicolor  (Figure  43  A— C),  Tripsacum  (Figure  55)  and  Zea 


FIGURE  43.—  Sorghum  subgenus  Sorghum  (Panicoideae:  Andropogoneae:  Sorghinae).  A-C,  S.  bicolor.  A,  no  epidermal  cell  contents;  B,  anatomical 
detail  of  colourless  epidermal  cells;  C,  abaxial  epidermis  without  inclusions  in  the  cells.  D-F,  S.  halepense:  D,  margin  without  TLS; 

E,  no  TLS  in  epidermal  cells;  F,  colourless  epidermal  cell  contents.  G-I,  S.  propinquum : G,  margin  without  TLS;  H,  no  contents  in 
epidermal  cells;  I,  clear  epidermal  cells.  Ellis  vouchers:  A,  4087\  B,  C,  3889 ; D,  F,  3906',  E,  735;  G,  H,  I,  3936.  D,  G,  x 100;  A,  C, 

F,  H,  x 250;  B,  E,  I,  x 400. 
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FIGURE  44. — Exotic  Sorghum  species  without  TLS  (Panicoideae:  Andropogoneae:  Sorghinae).  A— C,  S.  macrospermum , subgenus  Chaetosor- 
ghum : A,  leaf  margin  without  TLS;  B,  detail  of  epidermal  cells  without  TLS  deposits;  C,  epidermal  cells  without  granular  or  resinous 
deposits.  D— F,  S.  matarankense,  subgenus  Stipasorghum : D,  margin  without  TLS;  E,  clear  epidermal  cells;  F,  no  deposits  in  epidermal 
cells.  G— H,  S.  nitidum,  subgenus  Parasorghum:  G,  clear  epidermal  cells;  H,  no  TLS  deposits  in  epidermal  cells.  Ellis  vouchers:  A,  B, 
C,  3933\  D,  3933 ; E,  F,  3930\  G,  H,  3929.  A,  D,  x 100;  E,  F,  H,  x 250;  B,  C,  G,  x 400. 


(Figure  56).  All  these  taxa  are  also  without  TLS  and  are 
difficult  to  distinguish  on  anatomical  grounds.  However, 
this  anatomical  similarity  does  not  seem  to  reflect 
phylogenetic  relationships.  The  leaf  anatomy  of  Rhytachne 
latifolia  (Figure  51A-C)  bears  the  closest  resemblance  to 
that  of  Rottboellia  cochinchinensis  amongst  the  representa- 
tives of  the  Rottboelliinae  studied. 

Urelytrum  has  both  morphological  (Clayton  & Renvoize 
1986)  and  anatomical  characteristics  reminiscent  of  the 
Andropogoninae,  particularly  the  interstomatal  papillae, 
the  vascular  bundle  arrangement  and  the  bulliform  cell 
configuration  (Figure  53).  Clayton  & Renvoize  (1986) 
consider  Urelytrum  and  its  allies  to  be  an  intermediate 


group,  almost  deserving  of  recognition  as  a separate 
subtribe.  The  leaf  anatomy  and  TLS  type  and  distribu- 
tion fully  support  this  suggestion  although  TLS  are  never 
very  conspicuous  in  U.  agropyroides.  However,  they  are 
resinous  and  concentrated  in  bulliform  cells  near  the 
margin,  as  in  the  Andropogoninae. 

Although  Vossia  cuspidata  has  hydrophytic  anatomical 
adaptations  (Figure  54),  the  TLS  are  very  similar  in  type 
and  distribution  to  those  of  Hemarthria  (Figure  49). 
Although  the  leaf  anatomy  of  these  two  taxa  differs  in 
several  other  respects,  the  TLS  may  be  indicative  of 
affinity.  The  adaxial  ribs,  bulliform  cell  type  and  midrib 
are  important  differences  between  Vossia  and  Hemarthria. 
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Vossia  is  considered  to  be  a segregate  of  Phacelurus 
(Clayton  & Renvoize  1986)  but  this  is  not  strongly 
supported  by  the  anatomy. 

Coelorachis 

capensis  Stapf  (Figure  47)  3/3 

Sooty,  granular  deposits  occur  in  most  intercostal  long 
cells,  including  the  stomatal  files.  In  transverse  section 
these  cellular  inclusions  are  seen  to  be  peripherally  located 
in  the  abaxial  as  well  as  the  adaxial  intercostal  long  cells 
but  never  entirely  filling  the  lumens  and  are  not  resinous 
or  amorphous  in  appearance.  Found  in  hygrophilous 
grassland  in  humic  soils  in  Coastal  Forest  1 (Natal  South 
Coast  and  Pondoland).  C4  NADP-me. 

Elionurus 

muticus  (Spreng.)  Kunth  (Figure  48A— C)  0/12 

No  granular  or  resinous  inclusions  present  in  any  cells 
of  any  specimen  studied.  A widely  distributed,  unpalatable 


and  common  constituent  of  sour  grassland.  Study  material 
is  representative  of  the  southern  African  distribution  range 
and  comes  from  the  following  veld  types:  North-eastern 
Mountain  Sourveld  8 (Wolkberg),  Highland  Sourveld  44 
(Mooi  River,  Cathedral  Peak  and  Giants  Castle),  Banken- 
veld  61  (Pretoria)  and  Eastern  Province  Thornveld  7 
(Peddie).  C4  NADP-me. 

tripsacoides  Willd.  (Figure  48D)  0/1 

TLS  absent.  A little-known  species  from  saturated  sandy 
soils  of  the  eastern  Caprivi.  C4  NADP-me. 

Hemarthria 

altissima  (Poir.)  Stapf  & C.E.  Hubb.  (Figure  49)  10/10 

Coarsely  granular  to  amorphous  accumulations  in  all 
specimens,  sometimes  distinctly  concentrated  towards  the 
margin  of  the  blade  (Figure  49A,  B).  Present  in  all  inter- 
costal long  cells,  both  adaxially  and  abaxially,  and  can  even 
occur  in  the  stomatal  subsidiary  and  guard  cells  (Figure 
49F).  In  transection  these  deposits  are  often  clearly 


FIGURE  45 .—Sorghum  species  with  TLS  deposits  (Panicoideae:  Andropogoneae:  Sorghinae).  A-C,  S.  versicolor , subgenus  Parasorghum : A, 
resinous  contents  in  abaxial  epidermal  cells  clearly  visible;  B,  TLS  in  adaxial  long  cells  adjacent  to  the  bulliform  cells  and  in  abaxial 
intercostal  long  cells;  C,  interference  contrast  microscopy  showing  resinous  nature  of  TLS  deposits.  D,  S.  intrans,  subgenus  Stipasorghum 
with  typical  Sorghum  TLS  deposits.  E— F,  S.  stipoideum,  subgenus  Stipasorghum : E,  TLS  deposition  pattern  in  adaxial  and  abaxial  epider- 
mides;  F,  abaxial  surface  showing  isolated  files  of  long  cells  with  resinous  bodies.  Ellis  vouchers:  A,  133 ; B,  776;  C,  1818;  D,  3937;  E, 
F,  3934.  D,  X 250;  A,  B,  C,  E,  F,  X 400. 
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epidermal  cell  walls;  B,  peripheral  granular  deposits  present.  Ellis 
vouchers:  A,  3788 ; B,  5194.  A,  B,  x 400. 

FIGURE  46.  — Vetiveria  nigritana  (Panicoideae:  Andropogoneae: 

Sorghinae).  A,  leaf  outline  with  hydrophytic  leaf  anatomy;  B, 
detail  showing  absence  of  TLS  in  epidermal  cells.  Ellis  vouchers: 

A,  3697 ; B,  579.  A,  x 100;  B,  x 250. 


FIGURE  48. — Elionurus  (Panicoideae:  Andropogoneae:  Rottboelliinae).  A— C,  E.  muticus:  A,  outline  without  TLS  bodies  near  the  margin;  B, 
detail  of  clear  epidermal  cells;  C,  epidermal  cells  without  granular  or  resinous  inclusions.  D,  E.  tripsacoides  in  which  TLS  are  absent; 
note  persistent  nuclei  in  adaxial  epidermal  cells.  Ellis  vouchers:  A,  3311,  B,  2822;  C,  718;  D,  3721.  A,  C,  x 250;  B,  D,  X 400. 
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FIGURE  49. — Hemarthria  altissima  (Panicoideae:  Andropogoneae:  Rottboelliinae).  A,  blade  outline  with  TLS  concentrated  near  margins;  B, 
laterally  concentrated  deposits  in  adaxial  and  abaxial  epidermal  cells;  C,  granular  inclusions  peripherally  located  in  epidermal  cells;  D, 
resinous  bodies  in  most  epidermal  cells;  E,  irregular  granular  inclusions  in  intercostal  files  excluding  the  stomatal  files;  F,  dark,  amorphous 
contents  in  all  epidermal  cells  including  the  stomatal  subsidiaries  and  guard  cells.  Ellis  vouchers:  A,  E,  431;  B,  4442;  C,  779;  D,  F,  3405. 
A,  x 100;  B,  E,  x 250;  C,  D,  F,  x 400. 


FIGURE  50.  — Phacelurus  franksiae  (Panicoideae:  Andropogoneae:  Rottboelliinae).  A,  setaceous  leaf  outline  with  darkly  staining  substance  in 
all  epidermal  cells;  B,  dark,  peripheral  deposits  especially  visible  in  adaxial  epidermal  cells;  C,  resinous  contents  filling  most  epidermal 
cells.  Ellis  vouchers:  A,  B,  3284;  C,  3283.  A,  X 100;  B,  C,  X 400. 
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FIGURE  51  .—Rhytachne  (Panicoideae:  Andropogoneae:  Rottboelliinae).  A— C,  R.  latifolia:  A,  expanded  leaf  outline  without  TLS;  B,  anatomical 
detail  showing  clear  epidermal  cells;  C,  epidermal  cells  without  TLS  deposits.  D— E,  R.  rottboellioides : D,  setaceous  leaf  outline;  E,  epidermal 
cells  without  vacuolar  deposits.  Ellis  vouchers:  A,  C,  4556;  B,  5550;  D,  3791,  E,  5189.  A,  C,  D,  E,  x 250;  B,  x 400. 


peripherally  located  (Figure  49C)  but  may  fill  cell  lumens 
(Figure  49D).  A widespread  hygrophilous  species  of  vleis 
and  stream  banks.  From  North-eastern  Sandy  Highveld 
57  (Belfast  and  Wakkerstroom),  Bankenveld  61  (Pretoria), 
Sourish  Mixed  Bushveld  19  (Hartebeespoort),  Low  veld 
Sour  Bushveld  9 (Punda  Maria),  Arid  Lowveld  11  (Hoed- 
spruit),  Coastal  Forest  1 (St  Lucia  and  Mtunzini)  and 
Fynbos  69  (Langeberge,  Swellendam).  C4  NADP-me. 


Phacelurus 

franksiae  (J.M.  Wood)  Clayton  (Figure  50)  3/3 

Granular  deposits  in  all  long  cells,  both  costal  and 
intercostal,  adaxial  and  abaxial.  Not  present  in  subsidiary 
cells.  These  inclusions  are  peripherally  located.  A 
species  of  Highland  Sourveld  44  (Cathedral  Peak).  C4 

NADP-me. 


FIGURE  52. — Rottboellia  cochinchinensis  (=  exaltata)  (Panicoideae:  Andropogoneae:  Rottboelliinae).  A,  margin  without  TLS;  B,  colourless 
epidermal  cells;  C,  epidermal  cells  without  inclusions  as  seen  in  surface  view.  Ellis  vouchers:  A,  C,  3852\  B,  4428.  A,  X 100;  C,  X 
250;  B,  x 400. 
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FIGURE  53.  — Urelytrum  agropyroides  (Panicoideae:  Andropogoneae: 
Rottboelliinae).  A,  lamina  with  resinous  adaxial  bodies  near 
margin;  B,  TLS  present  adaxially  in  bulliform  cells  associated 
with  the  margin  and  in  intercostal  cells  throughout  the  abaxial 
surface;  C,  specimen  with  very  slight  TLS  deposits.  Ellis 
vouchers:  A,  4069',  B,  1226\  C,  425.  A,  B,  C,  X 100. 

Rhytachne 

latifolia  Clayton  (Figure  51A— C)  0/4 

No  TLS  present.  Black,  hydromorphic  turf  soils  in 

shallow  pans  in  Low  veld  10  (Mkuze).  C4  NADP-me. 

rottboellioides  Desv.  (Figure  51D,  E)  0/3 

TLS  absent.  Damp,  black  humic  soils  in  hygrophilous 

grassland  of  Coastal  Forest  1 (St  Lucia,  Natal  South  Coast, 

Pondoland).  C4  NADP-me. 

Rottboellia 

cochinchinensis  (Lour.)  Clayton  (=  exaltata  L.f.)  (Figure 
52)  0/5 

No  TLS  present.  An  annual  weed  of  cultivation. 

Material  from  Coastal  Forest  1 (Natal  North  and  South 


FIGURE  54.—  Vossia  cuspidata  (Panicoideae:  Andropogoneae:  Rottboel- 
liinae). A,  blade  outline  showing  TLS  in  both  epidermides,  more 
concentrated  laterally;  B,  granular  deposits  in  all  intercostal  cells 
except  the  stomata.  A,  B,  Ellis  3708.  A,  x 100;  B,  x 400. 


FIGURE  55,—Tripsacum  dactyloides  (Panicoideae:  Andropogoneae: 
Tripsacinae):  A,  no  TLS  in  epidermal  cells;  B,  colourless 
epidermal  cells;  C,  clear  epidermal  cells  in  surface  view.  Ellis 
vouchers:  A,  C,  4094\  B,  4091.  A,  B,  C,  x 250. 
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Coasts),  Lowveld  Sour  Bushveld  9 (Louis  Trichardt)  and 
Mpalela  Island,  Caprivi.  C4  NADP-me. 

Urelytrum 

agropyroides  (Hack.)  Hack.  (Figure  53)  6/6 

Small  amounts  of  granular  material  peripherally  located 
in  many  abaxial  epidermal  intercostal  long  cells.  Resinous 
contents  in  lateral  bulliform  cell  groups  only.  A constituent 
of  sour  grassveld  with  collections  from  Coastal  Forest  1 
(Maputaland)  and  Bankenveld  61  (Pretoria,  Hartebees- 
poort).  C4  NADP-me. 

Vossia 

cuspidata  (Roxb.)  Griff.  (Figure  54)  3/3 

Dense  accumulations  of  finely  sooty  inclusions  in  most 
intercostal  long  cells,  both  abaxial  and  adaxial  (Figure  54). 
Absent  from  bulliform  cells  and  stomatal  subsidiaries. 
A rooted,  floating  hydrophyte  from  the  Zambesi  and 
Okavango  River  systems.  C4  NADP-me. 

Tripsacinae 

TLS  do  not  appear  to  occur  in  this  subtribe  which  was 
represented  in  this  study  by  both  Tripsacum  (Figure  55) 
and  Zea  (Figure  56).  Clayton  & Renvoize  (1986)  consider 
this  tribe  to  be  barely  distinct  from  Rottboelliinae  although 
it  is  more  advanced  in  many  respects.  The  absence  of  TLS 
in  this  supposedly  advanced  subtribe  shows  the  reverse  ten- 
dency to  that  observed  in  Andropogon  where  TLS  deposits 
were  only  present  in  the  derived  species. 

A strong  link  between  the  Tripsacinae  and  the  Rottboel- 
liinae is  not  corroborated  by  the  leaf  anatomy  and  TLS 
distribution  because  only  Rottboellia  cochinchinensis 
(=  exaltata)  (Figure  52)  and  Rhytachne  latifolia  (Figure 
51A— C),  both  of  which  are  also  without  TLS,  are  the  only 
species  in  the  Rottboelliinae  with  basically  similar  leaf 
anatomical  structure  to  the  Tripsacinae.  All  these  taxa, 
together  with  Sorghum  bicolor  (Figure  43)  and  Coix 
lacryma-jobi  (Figure  60),  have  wide,  thin  leaf  blades 
with  many  smaller  vascular  bundles  interspaced  between 
the  larger  bundles,  and  wide  intercostal  zones 
with  many  stomata.  Whether  this  overall  anatomical 
similarity  is  systematically  meaningful  is  unclear. 
It  may  merely  result  from  similar  ecological  prefer- 
ences because  these  taxa,  all  of  which  are  ruderals  or 
agronomic  crops, . appear  to  be  responsive  to  varied 
and  pulsating  levels  of  soil  nutrients,  including 
supplementary  nitrogen  (Anderson  1987).  This  is  in 
contrast  to  the  majority  of  TLS-containing  grasses 
which  are  adapted  to  low  and  stable  nutrient  levels. 
The  similarity  in  leaf  anatomy  between  these  taxa 
may,  therefore,  only  be  the  structural  manifestation  of 
similar  ecological  adaptations. 

Tripsacum 

dactyloides  (L.)  L.  (Figure  55)  0/5 
TLS  absent.  Cultivated.  C4  NADP-me. 


Zea 

diploperennis  Doebly  & Guzman  (Figure  65A)  0/2 

No  TLS  observed.  Specimens  cultivated.  C4  NADP- 
me. 

mays  L.  (Figure  56B,  C)  0/4 
TLS  absent.  An  agronomic  crop.  C4  NADP-me. 


Ischaeminae 

Only  four  species  of  this  subtribe  were  studied.  Sehima 
galpinii  (Figure  59),  Ischaemum  afrum  (Figure  57)  and 
Thelepogon  elegans  all  lack  TLS  and  these  substances 
were  only  observed  on  some  specimens  of  Ischaemum 
fasciculatum  (Figure  58A— C).  Other  specimens  of  /. 
fasciculatum  (Figure  58D— F)  are  without  TLS.  TLS 
presence  in  this  subtribe  is,  therefore,  very  variable  and 
does  not  follow  the  pattern  of  the  current  taxonomic 
classification  (Clayton  & Renvoize  1986). 


FIGURE  56. — Zea  (Panicoideae:  Andropogoneae:  Tripsacinae).  A,  Z. 
diploperennis  without  inclusions  in  epidermal  cells.  B,  C,  Z.  mays: 
B,  clear  epidermal  cells;  C,  abaxial  epidermis  without  TLS  in 
intercostal  long  cells.  Ellis  vouchers:  A,  4089 ; B,  4092,  C,  4093. 
A,  B,  C,  X 250. 
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FIGURE  51,—Ischaemum  afnitn  (Panicoideae:  Andropogoneae:  Ischae- 
minae):  A,  leaf  outline  showing  vascular  bundle  arrangement 
pattern  and  absence  of  TLS;  B,  leaf  margin  without  TLS  deposits 
in  epidermal  cells;  C,  epidermal  cellular  pattern  without  TLS. 
Ellis  vouchers:  A,  1217;  B,  C,  5272.  A,  X 100;  B,  X 250;  C, 
X 400. 

Once  again  taxonomic  revision  is  strongly  indicated 
by  the  leaf  anatomical  results.  Thus  Ischaemum  afrum 
and  Sehima  galpinii  are  very  similar  anatomically  as 
comparison  of  Figures  57  and  59  will  clearly  show. 
This  applies  to  TLS  presence  as  well  as  the  overall 
anatomical  configuration  of  the  leaf.  The  anatomical 
data  convincingly  indicate  that  these  two  taxa  should 
be  reclassified  in  the  same  genus. 

Both  Sehima  galpinii  and  Ischaemum  afrum  differ  in 
several  important  anatomical  respects  from  I.  fascicu- 
latum  (Figure  58).  Section  Fasciculata,  to  which  I. 
fasciculatum  belongs,  is  considered  to  be  primitive 
and  closely  related  to  Eulalia  (Figure  64)  of  the 
Saccharinae  (Clayton  & Renvoize  1986).  This  relationship 
is  fully  supported  by  the  very  similar  leaf  anatomy 


of  Eulalia  villosa  and  I.  fasciculatum  and  the  type 
and  cellular  arrangement  of  their  TLS.  In  this  instance 
considerable  taxonomic  relevance  seems  to  be  implied 
by  TLS  in  the  epidermis.  The  more  advanced  section 
Coelischaemum,  to  which  I.  afrum  belongs,  lacks 
TLS.  This  pattern  of  advanced  taxa  lacking  TLS  is 
similar  to  that  observed  between  the  Rottboelliinae 
and  the  Tripsacinae  but  conflicts  with  the  situation  in 
Andropogon. 

Ischaemum  fasciculatum  is  unusual  in  the  variable 
presence  of  TLS  in  different  specimens.  Some  speci- 
mens possess  copious  amounts  of  very  dark  and 
resinous  deposits  (Figure  58A— C)  whereas  others 
lack  these  substances  altogether  (Figure  58D— F). 
This  very  obvious  visual  difference  does  not  appear 
to  be  correlated  with  geographical  distribution  or 
habitat  and  the  specimens  with  and  without  TLS 
differ  in  no  other  anatomical  respects.  This  species 
has  the  potential  to  provide  more  information  on  the 
causal  factors  determining  TLS  deposition  and  deserves 
further  study. 


Ischaemum 

afrum  (J.F.  Gmel.)  Dandy  (Figure  57)  0/7 

No  indication  of  TLS  in  any  specimen.  Confined 
to  seasonally  inundated  areas  in  black,  hydromorphic 
clay  soils.  Mopani  Veld  15  (Babalala),  Lowveld  10 
(Lower  Sabie),  Springbok  Flats  Turf  Thornveld  12 
(Warmbad,  Onderstepoort)  and  Bankenveld  61  (Pretoria). 
C4  NADP-me. 

fasciculatum  Brongn.  (Figure  58)  6/15 

Occurrence  of  TLS  very  variable,  either  absent  (Figure 
58D— F)  or  very  concentrated  deposits  present  (Figure 
58A— C).  Coarsely  granular  or  resinous  cell  contents  can 
occur  in  virtually  all  abaxial  intercostal  long  cells. 
Adaxially  TLS  do  not  constitute  part  of  the  bulliform  fans 
but  are  concentrated  in  the  adjacent  adaxial  intercostal  long 
cells.  A hydrophyte  of  streambank  communities,  in  open, 
standing  water  or  even  in  strongly  flowing  streams  on  rock 
substrates.  Specimens  with  TLS  from  Coastal  Forest  1 
(Mazeppa  Bay,  St  Lucia  Lake),  North-eastern  Mountain 
Sourveld  8 (Magoebaskloof,  Graskop  Falls)  and  Sourish 
Mixed  Bushveld  19  (Roodeplaat).  Specimens  lacking  TLS 
from  similar  vegetation  types  such  as  Natal  Mist  Belt 
’Ngongoni  Veld  45  (Karkloof),  Highland  Sourveld  44 
(Cathedral  Peak),  North-eastern  Sandy  Highveld  57 
(Wakkerstroom),  North-eastern  Mountain  Sourveld  8 
(Mac-Mac  Pools),  Sour  Bushveld  20  (Rustenburg)  and 
Mixed  Bushveld  18  (Pafuri).  C4  NADP-me. 

Sehima 

galpinii  Stent  (Figure  59)  0/6 

TLS  absent.  Confined  to  black  cotton  soils.  From 
Lowveld  10  (Mkuze)  and  Springbok  Flats  Turf  Thornveld 
12  (Warmbad,  Onderstepoort).  C4  NADP-me. 
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FIGURE  58. — Ischaemum  fasciculatum  (Panicoideae:  Andropogoneae:  Ischaeminae).  A— C,  specimens  with  TLS:  A,  margin  with  slight  TLS 
deposits  in  extreme  lateral  epidermal  cells;  B,  TLS  in  most  abaxial  intercostal  cells  and  in  the  adaxial  intercostal  cells  adjacent  to  the 
bulliform  cell  groups;  C,  detail  of  black,  resinous  abaxial  TLS  inclusions.  D— F,  specimens  with  no  TLS  in  epidermal  cells:  D,  margin 
without  TLS  deposits;  E,  no  TLS  in  any  epidermal  cells;  F,  epidermis  without  inclusions  in  cells,  note  diagnostic  micro-papillae.  Ellis 
vouchers:  A,  4491:  B,  4470:  C,  273:  D,  4316:  E,  4477.  F,  Scotcher  s.n.  A,  D,  E,  X 250;  B,  F,  X 400;  C,  X 640. 


Thelepogon 

elegans  Roem.  & Schult.  0/1 

TLS  absent.  Ruderal  in  cultivated  lands  in  Caprivi.  C4 

NADP-me. 

Coicinae 

No  TLS  were  observed  in  this  monogeneric  subtribe 
represented  in  this  study  by  Coix  lacryma-jobi 
(Figure  60).  The  anatomy  of  this  species  closely 
resembles  that  of  the  Tripsacinae  but  the  relationships 
of  this  genus  are  obscure  (Clayton  & Renvoize  1986) 
and  this  similarity  in  leaf  anatomy  is  probably  not 
indicative  of  affinity.  This  possibility  is  discussed  further 
under  the  Tripsacinae. 

Coix 

lacryma-jobi  L.  (Figure  60)  0/2 

TLS  absent.  An  annual,  ruderal,  exotic  from  Coastal 
Forest  1 (Natal  South  Coast).  C4  NADP-me. 


Saccharinae 

Of  the  seven  genera  of  this  subtribe  studied  only 
Saccharum  lacked  TLS  completely  (Figure  71).  In  all  the 
other  genera  definite  TLS  deposits  were  present  in  at  least 
some  specimens  and  in  Eulalia  (Figures  63  & 64), 
lmperata  (Figure  65)  and  Pogonatherum  (Figure  70) 
deposits  were  present  in  all  specimens  of  all  the  species 
examined.  These  three  genera  appear  to  be  consistent  for 
TLS  presence  and  Eulalia  villosa  (Figure  64),  in  particular, 
always  has  the  majority  of  the  epidermal  cells  entirely 
filled  with  a very  black,  resinous  substance.  The  species 
is  undoubtedly  ideal  for  further  studies  on  the  nature  and 
ontogeny  of  these  intracellular  deposits.  The  leaves  of 
lmperata  have  been  shown  to  yield  leuco-anthocyanins 
(Bate-Smith  & Swain  1967). 

The  occurrence  of  TLS  in  Eriochrysis  (Figures  61  & 62) , 
Microstegium  (Figure  66)  and  Miscanthus  (Figures  67,  68 
& 69)  is  irregular  but,  nevertheless,  appears  to  follow 
certain  taxonomic  trends.  Reclassification  of  these  taxa, 
as  suggested  by  the  overall  leaf  anatomy,  will  lead  to  closer 
congruence  between  TLS  distribution  and  the  taxonomy. 
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FIGURE  59. — Sehima  galpinii  (Panicoideae:  Andropogoneae:  Ischae- 
minae).  A,  outline  with  TLS  not  present  in  margin;  B,  anatomi- 
cal detail  showing  colourless  epidermal  cells;  C,  epidermis  without 
granular  or  resinous  cell  contents.  Ellis  vouchers:  A,  B,  7752; 
C,  3326.  A,  x 100;  B,  C,  x 400. 


FIGURE  61. — Eriochrysis  brachypogon  (Panicoideae:  Andropogoneae: 
Saccharinae):  A,  leaf  outline  with  marginal  epidermal  cells 
with  TLS  deposits;  B,  detail  showing  resinous  droplets  in 
abaxial  epidermal  cells;  C,  epidermal  cells  filled  with  granular 
inclusions.  Ellis  vouchers:  A,  C,  3536;  B,  3540.  A,  x 100;  B, 
C,  x 400. 


FIGURE  60.—  Coix  lacryma-jobi  (Panicoideae:  Andropogoneae:  Coicinae):  A,  margin  without  TLS  bodies  being  present;  B,  lamina  showing 
vascular  bundle  arrangement;  C,  cellular  detail  with  epidermal  cells  devoid  of  granular  or  resinous  bodies;  D,  clear  epidermal  cells  with 
only  guard  cells  darkly  stained.  Ellis  vouchers:  A,  C,  D,  2118;  B,  2115.  A,  B,  x 100;  C,  D,  x 400. 
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Thus  the  leaf  anatomy  of  Eriochrysis  brachypogon  and 
E.  pallida  closely  resembles  that  of  Ischaemum 
fasciculatum  (Figure  58)  of  the  Ischaeminae  and  all  these 
species  have  a very  irregular  and  unpredictable  pattern  of 
TLS  occurrence.  In  neither  genus  is  there  any  apparent 
link  with  habitat  or  community  and  the  possession  of  cells 
with  TLS.  These  taxa,  together  with  Eulalia  villosa  (Figure 
64)  form  a rather  homogeneous  anatomical  grouping  and 
their  classification  in  the  same  subtribe  is  strongly 
suggested.  If  this  were  done  then  the  TLS  distribution 
pattern  would  follow  distinct  taxonomic  lines  rather  than 
the  meaningless  pattern  exhibited  at  present.  A close 
phylogenetic  link  between  Eriochrysis  and  Saccharum 
(Clayton  & Renvoize  1986)  is  not  supported  by  the  findings 
of  this  study. 

TLS  presence  in  Eulalia  appears  to  be  consistent  judging 
by  the  two  species  studied  (Figures  63  & 64).  However, 
the  TLS  themselves  differ  considerably  in  form  and 
disposition  and,  together  with  basic  differences  in  leaf 
anatomical  configurations  between  E.  aurea  and  E.  villosa , 
suggest  that  this  may  not  be  a natural  genus.  It  is  also  not 
certain  whether  the  intracellular  bodies  observed  in  E. 
aurea  are  actually  TLS  (Figure  63B).  Once  again  there 
is  no  strong  anatomical  evidence  supporting  affinities 
with  Saccharum  (Clayton  & Renvoize  1986)  and  E. 
villosa  seems  to  be  more  closely  linked  to  Ischaemum 
fasciculatum  and  Eriochrysis. 

The  TLS  in  Microstegium  are  unusual  in  that  they  are 
seldom  black  but  normally  yellow  or  orange  in  colour 
(Figure  66).  Although  they  are  not  darkly  coloured  they 
appear  to  be  of  the  amorphous,  resinous  type  and  entirely 
fill  the  lumens  of  many  adaxial  as  well  as  abaxial 
epidermal  cells.  The  central  cells  of  the  bulliform  groups 
have  the  least  concentrated  deposits.  Epidermal  cell 
contents  are  irregular  in  occurrence  in  M.  nudum , and  are 
often  entirely  absent.  M.  nudum  is  a shade  species  with 
broadly  linear  to  lanceolate  leaf  blades  and  highly  modified 
C4  photosynthetic  anatomy.  The  leaf  blades  are  unusually 
thin  with  reduced  bundle  sheaths  and  bulliform  cell  groups 
and  bear  no  anatomical  resemblance  to  any  other 
andropogonoid  grass  studied.  The  leaf  blade  anatomy, 
therefore,  does  not  suggest  kinship  with  Eulalia  as  do  the 
tiny  cordate  lemmas  of  these  two  genera  (Clayton  & 
Renvoize  1986). 

Miscanthus  is  another  genus  which  is  not  uniform  for 
TLS  presence.  In  M.  erectum*  TLS  deposits  are  very 
common  in  the  adaxial  bulliform  cells  which  are  situated 
at  the  bases  of  adaxial  furrows  (Figure  69).  In  M.  capensis 
TLS  are  much  less  common  and  restricted  to  the  lateral 
cells  of  the  bulliform  groups  which  are  not  located  in 
furrows  (Figure  68).  M.  junceus,  with  a cylindrical  blade 
(Figure  67),  appears  to  be  without  TLS  although  the  basic 
anatomical  pattern  suggests  that  this  modified  leaf  type 
is  derived  from  a leaf  similar  to  that  of  M.  capensis.  In 
the  leaf  blade  of  M.  junceus  the  adaxial  surface  is  greatly 
reduced  to  a narrow,  cleft-like  furrow,  and  therefore, 
equivalent  cells  to  the  TLS  containing  cells  of  M.  capensis 
are  not  present  in  this  leaf  type.  The  absence  of  TLS  is 
thus  not  unexpected  in  this  species.  Taxonomic  realignment 


* Tentative  combination  without  regard  to  orthography;  at  present  a 
species  of  Miscanthidium  Stapf. 


in  this  genus  may,  once  again,  result  in  closer  congruence 
between  TLS  distribution  and  the  classification  of  the 
genus.  M.  capensis  and  M.  junceus  bear  close  anatomical 
resemblance  to  Saccharum  and  these  two  genera  are 
closely  related  (Clayton  & Renvoize  1986).  However,  this 
does  not  apply  to  M.  erectum  which  also  possesses  much 
more  TLS  than  these  other  taxa. 

Pogonatherum,  a tropical  Asian  genus  grown  as  an 
ornamental  in  South  Africa,  differs  greatly  in  leaf  anatomy 
from  the  local  andropogonoid  taxa.  The  abaxial  epidermis 
has  unusual  prickles  and  saddle-shaped  silica  bodies 
(Figure  70C)  which  are  not  characteristic  of  this  tribe.  This 
genus  does  not  appear  to  be  closely  related  to  any  southern 
African  genus.  TLS  dominate  in  the  intercostal  zones 
throughout  the  abaxial  epidermis  as  seen  in  transection 
(Figure  70A)  but  in  surface  view  these  deposits  are  seen 
to  be  granular  and  do  not  stain  darkly. 

Only  one  species  of  Saccharum  was  included  in  this 
study.  S.  offtcinarum  is  without  TLS  (Figure  71)  but  the 
sample  is  insufficient  to  extrapolate  to  the  entire  genus 
of  35—40  species. 


Eriochrysis 

brachypogon  (Stapf)  Stapf  (Figure  61)  2/2 

Amorphous,  black  contents  in  epidermal  cells  of  the  leaf 
margin  and  coarsely  granular  material  present  in  scattered 
abaxial  intercostal  long  cells.  From  damp  sponges  in 
mountain  grassland  of  Piet  Retief  Sourveld  63  (Piet  Retief). 
C4  NADP-me. 

pallida  Munro  (Figure  62)  2/8 

TLS  very  rarely  present  but  then  conspicuous  in  all 
abaxial  and  adaxial  intercostal  long  cells  except  the 
bulliform  cells.  May  also  exhibit  very  small  deposits  in 
the  margins.  A species  of  damp,  humic  soils  on  stream 
banks  and  sponges  in  sour  grasslands.  Specimens  with 
TLS  from  North-eastern  Mountain  Sourveld  8 (Sabie). 
Specimens  without  TLS  also  from  North-eastern  Moun- 
tain Sourveld  8 (Sabie)  as  well  as  North-eastern  Sandy 
Highveld  57  (Dullstroom)  and  Coastal  Forest  1 (Ongoye, 
Natal  South  Coast  and  Pondoland).  C4  NADP-me. 

Eulalia 

aurea  (Bory)  Kunth  (Figure  63)  1/1 

Most  abaxial  intercostal  long  cells  with  finely  granular 
inclusions  concentrated  peripherally  and  in  the  papillae. 
Deposits  tend  to  be  refractive  and  may  not  be  TLS.  No 
cells  with  resinous  contents.  Hydrophyte  in  swamp  on 
Zambesi  floodplain.  C4  NADP-me. 

villosa  (Thunb.)  Nees  (Figure  64)  9/9 

Dark  red  or  black,  amorphous,  resinous  deposits  filling 
many  epidermal  cells  in  all  specimens  (Figure  64).  All 
abaxial  long  cells  may  contain  deposits  except  the  costal 
silica  cell  files.  Present  in  subsidiary  cells.  Not  present 
in  the  centre  of  the  adaxial  bulliform  groups.  Common 
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FIGURE  62. — Eriochrysis  pallida  (Panicoideae:  Andropogoneae:  Saccharinae):  A-B,  specimen  with  TLS:  A,  lateral  concentration  in  leaf  margin; 
note  dark  resinous  and  lighter  granular  deposits;  B,  detail  of  granular  contents  in  epidermal  cells.  C-D,  specimens  without  TLS:  C,  adaxial 
and  abaxial  epidermal  cells  colourless;  D,  epidermal  cells  without  visible  contents.  Ellis  vouchers:  A,  B.  43I8\  C,  4475\  D,  3794.  A,  C, 
X 250;  D,  x 400;  B,  x 640. 


on  cool  slopes  in  sour  grassland.  From  Coastal  Forest  1 
(Natal  South  Coast  and  Pondoland),  North-eastern 
Mountain  Sourveld  8 (Graskop  and  Barberton),  Piet  Retief 
Sourveld  63  (Piet  Retief)  and  Highland  Sourveld  44 
(Cathedral  Peak  and  Hogsback).  C4  NADP-me. 

Imperata 

cylindrica  (L.)  Raeuschel  (Figure  65)  5/5 

Granular  accumulations  evident  in  all  specimens  but 
quantity  very  variable  (Figure  65).  Usually  only  present 
in  lateral  epidermal  cells.  May  be  present  throughout  the 
epidermis,  both  abaxially  and  adaxially  except  for  the 
bulliform  cells.  A widespread  grass  of  damp,  waterlogged 
habitats.  From  Coastal  Forest  1 (Natal  South  Coast),  Piet 
Retief  Sourveld  63  (Piet  Retief)  and  Bankenveld  61 
(Pretoria).  C4  NADP-me. 

Microstegium 

nudum  (Trin.)  A.  Camus  (Figure  66)  3/8 

Light  yellow  or  orange  resinous  deposits  in  most 
epidermal  cells  of  a few  specimens  only.  Otherwise 
apparently  absent.  A shade  species  of  the  ground  layer 
of  evergreen  mistbelt  forest.  Specimens  with  TLS  from 
’Ngongoni  Veld  5 (Nkandla)  and  Highland  Sourveld  44 
(Umtata)  and  specimens  without  from  Natal  Mist 
Belt  ’Ngongoni  Veld  45  (Karkloof)  and  North-eastern 
Mountain  Sourveld  8 (Magoebaskloof,  Pilgrims  Rest). 
Specimens  cultivated  in  greenhouse  with  or  without  TLS. 
C4  NADP-me. 

Miscanthus 

capensis  (Nees)  Anderss.  (Figure  68)  3/3 

Black,  resinous  contents  entirely  fill  adaxial  intercostal 
long  cells  adjacent  to  the  bulliform  cell  groups.  Scattered 


irregularly  throughout  the  leaf  width.  Forest  margins  and 
stream  banks  in  Highland  Sourveld  44  (Stutterheim, 
Cathedral  Peak).  C4  NADP-me. 

erectum*  Stent  & C.E.  Hubb.  (Figure  69)  5/5 

Heavy  granular  to  resinous  deposits  with  orange,  red 
or  black  colouring.  Usually  in  adaxial  cells  only, 
particularly  the  bulliform  cells  or  the  long  cells  adjacent 
to  them  (Figure  69A— D).  From  forest  margins  and 
mountain  grassland.  Collections  from  Highland  Sourveld 
to  Cymbopogon-Themeda  Veld  Transition  56  (Ficksburg), 
Highland  Sourveld  44  (Bulwer,  Qachas  Nek),  Eastern 
Province  Thomveld  7 (Komga)  and  Karroid  Merxmuellera 
Mountain  Veld  60  (Molteno).  C4  NADP-me. 

junceus  Stapf  (Figure  67)  0/6 

No  TLS  present.  A hydrophyte  from  grassland  vleis  and 
marshes.  Material  examined  from  Coastal  Forest  1 
(Pondoland),  Sourish  Mixed  Bushveld  19  (Cullinan, 
Warmbad),  Mixed  Bushveld  18  (Loskop  Dam)  and  the 
Okavango  floodplain.  C4  NADP-me. 

Pogonatherum 

paniceum  (Lam.)  Hack.  (Figure  70)  2/2 

Orange  to  resinous  deposits  in  most  abaxial  epidermal 
cells.  Small  amounts  of  peripheral  deposits  in  adaxial  long 


* Tentative  combination  without  regard  to  orthography;  at  present  a spe- 
cies of  Miscanthidium  Stapf. 
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FIGURE  63.—  Eulalia  aurea  (Panicoideae:  Andropogoneae:  Saccharinae).  A,  transection  without  deposits  in  the  epidermal  cells,  note  how  vascular 
bundle  arrangement  pattern,  bundle  sheath  structure  and  papillae  differ  from  those  of  E.  villosa ; B,  abaxial  epidermal  cells  with  granular, 
sooty  intracellular  substance,  appears  to  be  refractive  in  nature  and  may  not  be  TLS.  A,  B,  Ellis  3738.  A,  B,  x 400. 


FIGURE  64. — Eulalia  villosa  (Panicoideae:  Andropogoneae:  Saccharinae).  A,  outline  with  scattered  TLS  bodies  on  adaxial  surface;  B,  central 
part  of  blade  showing  presence  of  TLS  in  region  of  keel;  C,  resinous  deposits  in  adaxial  and  abaxial  epidermal  long  cells;  D,  detail  of 
resinous  TLS  deposits  in  abaxial  intercostal  long  cells  and  adaxially  in  lateral  cells  of  bulliform  groups;  E,  majority  of  abaxial  epidermal 
cells  with  dense  TLS  deposits;  F,  black  deposits  dominate  the  abaxial  epidermis;  G,  abaxial  surface  view  showing  dominance  of  cells 
with  TLS,  which  may  even  be  present  in  stomatal  cells.  Ellis  vouchers:  A,  C,  G,  5799;  B,  E,  3270;  D,  1478 ; F,  3801.  A,  B,  X 100;  C, 
G,  x 250;  D,  E,  F,  x 400. 
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FIGURE  65. — Imperata  cylindrica  (Panicoideae:  Andropogoneae:  Sac- 
charinae):  A,  leaf  blade  outline  with  TLS  located  near  margin; 

B,  heavily  granular  TLS  deposits  in  the  abaxial  intercostal  long 
cells,  adaxially  these  deposits  do  not  occur  in  the  bulliform  cells; 

C,  TLS  concentrated  in  intercostal  long  cells  near  margin.  Ellis 
vouchers:  A,  1 556;  B,  C,  720.  A,  x 100;  C,  x 160;  B,  x 400. 


FIGURE  67. — Miscanthus  junceus  (Panicoideae:  Andropogoneae: 
Saccharinae):  A,  cylindrical  leaf  outline:  B,  detail  of  abaxial 
surface  showing  absence  of  TLS;  C,  abaxial  epidermis  without 
intercostal  TLS  although  costal  long  cells  stain  darkly.  A,  B,  C, 
Ellis  2080.  A,  x 100;  C,  x 250;  B,  x 400. 


FIGURE  66.  — Microstegium  nudum  (Panicoideae:  Andropogoneae:  Saccharinae):  A,  leaf  blade  outline  with  TLS  concentrated  near  margin;  B, 
abaxial  and  adaxial  epidermal  cells  with  lightly  coloured  cell  contents;  C,  anatomical  detail  of  specimen  without  TLS;  D,  abaxial  epidermis 
showing  files  of  long  cells  with  darker  contents.  Ellis  vouchers:  A,  3377 ; B,  712;  C,  3367.  D,  Smook  5685.  A,  x 100;  B,  x 400;  D,  X 
250;  C,  x 640. 
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FIGURE  68. — Miscanthus  capensis  (Panicoideae:  Andropogoneae:  Saccharinae):  A,  expanded  leaf  outline  with  irregular  adaxial  cells  adjacent 
to  the  bulliform  cell  groups  with  TLS;  B,  resinous  contents  in  few  adaxial  intercostal  long  cells;  C,  anatomical  detail  with  single  adaxial 
bulliform  cell  filled  with  dark,  resinous  TLS;  D,  abaxial  epidermis  without  TLS  deposits  although  costal  long  cells  stain  heavily.  A,  Gibbs 
Russell  5710-  B,  D,  Gibbs  Russell  5706\  C,  Ellis  3365 ; A,  X 100;  B,  x 250;  C,  D,  x 400. 


cells  adjacent  to  the  bulliform  cells  only.  Study  material 
cultivated.  C4  NADP-me. 

Saccharum 

officinarum  L.  (Figure  71)  0/2 
Absent.  Cultivated  crop.  C4  NADP-me. 

Germainiinae 

The  only  South  African  representative  of  this  subtribe, 
Trachypogon  spicatus,  always  possessed  TLS  (Figure  72), 
although  these  are  often  restricted  to  epidermal  cells  in 
the  extreme  leaf  margin.  A sample  of  20  South  American 
collections  revealed  similar  patterns  of  TLS  distribution 
in  the  epidermal  cells  but  only  in  50%  of  the  specimens. 

Morphologically  this  subtribe  appears  to  be  derived 
from  Eulalia  of  the  Saccharinae  (Clayton  & Renvoize 
1986).  This  relationship  is  not  evident  in  either  leaf 
anatomy,  TLS  type  or  cellular  distribution,  which  all  point 
to  close  ties  with  the  Andropogoninae.  This  resemblance 
applies  particularly  to  section  Piestium  of  Andropogon 
(Figures  21  & 22)  which  differs  significantly  from  the 
Germainiinae  only  in  the  nature  of  the  bulliform  cells. 

Trachypogon 

spicatus  (L.f.)  Kuntze  (Figure  72)  10/10 

Coarsely  granular  contents  in  most,  or  only  the 
marginal,  abaxial  epidermal  cells.  Resinous  deposits  in 
extreme  lateral  bulliform  cells  only  or  common  in  long  cell 


files  adjacent  to  the  costal  zones.  Absent  in  stomatal  files. 
A common,  widespread  grass  of  both  grasslands  and  bush- 
veld.  Collections  from  Coastal  Forest  1 (Pondoland), 
Highland  Sourveld  44  (Kokstad,  Bulwer),  North-eastern 
Mountain  Sourveld  8 (Long  Tom  Pass),  North-eastern  San- 
dy Highveld  57  (Ermelo),  Bankenveld  61  (Pretoria)  and 
Sour  Bushveld  20  (Potgietersrust).  C4  NADP-me. 

Taxonomic  relevance  of  tannin-like  substances  (TLS) 
in  Poaceae 

TLS  are  confined  to  epidermal  cells  in  the  Poaceae.  This 
location  is  similar  to  that  of  the  Restionaceae  (Cutler  1969) 
but  differs  from  that  of  the  Cyperaceae  where  tannin  cells 
are  embedded  in  the  mesophyll  (Metcalfe  1971). 

In  the  Poaceae  the  cells  with  TLS  generally  form  inter- 
connected chains  in  certain  epidermal  cell  types.  Abaxially 
these  are  often  the  intercostal  files  lying  immediately 
adjacent  to  the  costal  zones  as  in  Andropogon  huillensis 
(Figure  24F),  Hyperthelia  dissoluta  (Figure  34)  and 
Hyparrhenia  dregeana  (Figure  33G).  The  most  concen- 
trated TLS  deposits  occur  in  these  files  on  the  sides  of 
each  intercostal  zone.  In  this  type  of  arrangement  the 
deposits  occur  only  in  the  intercostal  long  cells  and  not 
the  short  cells.  They  are  often  absent,  or  less  concentrated, 
in  the  interstomatal  long  cells  as  well.  Thus,  in  this  type, 
the  interstomatals  and  the  stomatal  subsidiary  cells  usually 
do  not  possess  TLS. 

A slight  variation  of  this  type  is  the  situation  where  the 
interstomatal  cells  themselves  have  the  most  concentrated 
deposits.  These  cells  are  then  usually  papillate  with  the 
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FIGURE  69. — Miscanthus  erectum*  (Panicoideae:  Andropogoneae:  Saccharinae):  A,  TLS  common  in  adaxial  bulliform  cells;  B,  orange,  red 
or  black  resinous  deposits  in  all  bulliform  cell  groups;  C,  all  adaxial  intercostal  long  cells  with  concentrated  deposits,  those  of  abaxial 
surface  less  dense  and  granular;  D,  adaxial  TLS  common  but  less  on  abaxial  surface;  E,  abaxial  surface  without  TLS;  F,  few  abaxial 
intercostal  long  cells  with  lightly  staining  TLS  deposits.  Gibbs  Russell  vouchers:  A,  F,  5705,  C,  57I9\  D,  E,  5720.  B,  Ellis  1100.  A,  x 
100;  B,  C,  D,  x 250;  E,  F,  x 400. 


TLS  density  greatest  in  the  papillae.  This  pattern  occurs 
in  Andropogon  section  Piestium  (Figures  21  & 22)  and 
appears  meaningful  in  the  taxonomy  of  this  genus. 

This  is  the  most  common  type  of  TLS  arrangement, 
particularly  in  the  Andropogoninae  and  Anthistiriinae 
of  the  Andropogoneae  and  is  not  found  in  the  other 
subtribes  of  the  Andropogoneae.  This  TLS  configura- 
tion correlates  with  other  features  considered  to  be  of 
taxonomic  importance  in  these  taxa  and  supports  their 
present  classification.  However,  several  taxa  in  these 
subtribes  lack  TLS  entirely  and  appear  to  be  in  need  of 
taxonomic  reassessment.  These  taxa  without  epidermal 
deposits  have  a similar  leaf  anatomy.  They  include  section 
Andropogon  (Figure  27),  Cymbopogon  excavatus  (Figure 
29C— F)  and  Diheteropogon  amplectens  (Figure  30A— D). 
Arthraxon  seems  to  be  misplaced  in  the  Andropogoninae 
on  the  basis  of  leaf  anatomy  and  TLS  occurrence. 

In  many  other  species  the  density  of  TLS  deposition  is 
uniform  across  individual  abaxial  intercostal  zones  as  in 


* Tentative  combination  without  regard  to  orthography;  at  present  a 
species  of  Miscanthidium  Stapf. 


Eragrostis  bicolor  (Figure  5D),  all  Hyparrhenia  species 
(Figure  33)  and  Loudetia  flavida  (Figure  15).  All  these 
species  have  dark,  resinous  deposits  which  are  present  in 
the  interstomatal  long  cells  but  never  occur  in  subsidiary 
cells.  There  is  no  correlation  with  taxonomy  in  this  type 
of  pattern. 

The  above  patterns  are  associated  with  a marked  lateral 
concentration  of  cellular  inclusions  in  association  with  the 
leaf  margin.  This  applies  particularly  to  the  adaxial  surface 
of  the  blade  where  the  most  laterally  situated  bulliform 
cell  groups  invariably  have  the  darkest,  densest  and  most 
resinous  deposits.  These  deposits  are  also  most  concen- 
trated in  the  central  cells  of  these  bulliform  groups. 
Examples  are  Hyparrhenia  hirta  (Figure  33A,  B), 
Hyperthelia  dissoluta  (Figure  34),  Schizachyrium  jeffreysii 
(Figure  31C)  and  Loudetia  simplex  (Figure  17)  to  mention 
only  a few  examples  with  this  very  common  location  of 
adaxial  TLS  deposits  which  occurs  in  widely  separated 
taxonomic  groupings.  A similar  situation  also  occurs  in 
Eragrostis  lappula  and  its  allies  (Figure  4). 

In  all  instances  with  this  pattern  of  TLS  deposition  there 
is  a gradual  decrease  in  the  density  of  TLS  along  a 
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FIGURE  10,—Pogonatherum  paniceum  (Panicoideae:  Andropogoneae: 
Saccharinae):  A,  leaf  outline  showing  TLS  throughout  the 
abaxial  epidermis,  no  lateral  concentration  evident;  B,  heavily 
granular  nature  of  deposits  in  intercostal  long  cells,  slight 
peripheral  deposits  present  in  adaxial  long  cells;  C,  sooty  to 
granular  contents  in  abaxial  long  cells.  A,  B,  C,  Ellis  3512.  A, 
x 100;  B,  C,  x 400. 

gradient  from  dark,  resinous  contents  entirely  filling  the 
cell  lumen,  to  peripherally  located  granular  deposits 
closely  associated  with  the  epidermal  cell  walls,  from  the 
margin  towards  the  midrib.  This  may  indicate  a centrifugal 
differentiation  process  in  the  deposition  of  TLS  substances 
as  has  been  shown  for  phenolics  in  other  plant  cells  (Zobel 
1986). 

In  leaves  containing  only  slight  traces  of  TLS  these  will 
invariably  be  visible  in  the  most  laterally  located  bulliform 
cell  groups.  These  leaves  are  then  assumed  to  be  capable 
of  producing  TLS.  Observation  of  the  leaf  margin  is, 
therefore,  essential  to  determine  the  presence  of  TLS  in 
a given  leaf  but  the  location  of  deposits  in  this  region  is 
not  taxonomically  significant. 

Deposition  of  TLS  initially  appears  to  commence  in  the 
leaf  margin,  gradually  extending  inwards  from  there. 


The  reverse  may  also  be  true  and  the  breakdown  of  these 
deposits  may  commence  centrally  moving  laterally  towards 
the  margin.  This  pattern  of  TLS-containing  cell  distribu- 
tion is  in  accordance  with  current  hypotheses  on  plant 
defence  (McNaughton  et  al.  1985)  where  concentration 
of  defensive  chemicals  or  structures  in  leaf  margins 
enhances  their  efficacy  in  deterring  insect  herbivory 
(O’Reagain  1989).  It  is  not  surprising,  therefore,  that  the 
concentration  of  TLS  near  the  leaf  margin  occurs  widely 
in  the  family  and  is  of  little  taxonomic  significance. 

TLS  rarely  occur  in  isolated  individual  intercostal  long 
cells  or  in  short  chains  of  long  cells.  Sporobolus  nervosus 
(Figure  3C— E)  is  unique  in  having  this  type  of  TLS 
arrangement  but  the  taxonomic  significance  of  this  pattern 
appears  to  be  minor. 

A somewhat  similar  pattern  of  cellular  arrangement  of 
TLS  also  occurs  in  some  species  of  Sorghum  namely 


FIGURE  71. — Saccharum  officinarum  (Panicoideae:  Andropogoneae: 
Saccharinae):  A,  outline  without  TLS  in  epidermal  cells;  B,  ana- 
tomical detail  showing  clear  abaxial  and  adaxial  epidermal  cells; 
C,  intercostal  long  cells  without  darkly  staining  intracellular 
bodies.  A,  B,  C,  Ellis  742.  A,  x 100;  B,  C,  X 400. 
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FIGURE  72. — Trachypogon  spicatus  (Panicoideae:  Andropogoneae:  Germainiinae).  A— B,  South  African  specimens:  A.  outline  showing  granular 
deposits  in  most  adaxial  and  abaxial  intercostal  long  cells;  B,  detail  of  granular  deposits  in  bulliform  cells  with  the  adjacent  long  cells 
with  greater  concentrations  of  TLS.  C— F,  South  American  specimens:  C,  lateral  epidermal  cells  with  resinous  TLS;  D,  most  lateral  bulliform 
groups  with  greatest  concentration  of  TLS;  E,  TLS  most  concentrated  in  intercostal  long  cells  adjacent  to  the  stomatal  files,  common 
across  entire  leaf  width;  F,  detail  of  dense  TLS  deposits  in  long  cells  adjacent  to  the  costal  zones,  no  deposits  in  stomatal  files.  Davidse 
vouchers:  C,  U310\  D,  26344 ; E,  33019',  F,  11312.  A,  B,  Ellis  2091.  A.  X 100;  C,  D,  E,  x 250;  B,  F,  x 400. 


S.  versicolor , S.  intrans  and  S.  stipoideum  (Figure  45) 
as  well  as  Bothriochloa  bladhii  (Figure  36)  and 
Dichanthium  aristatum  (Figure  41).  These  taxa  which 
share  similar  leaf  anatomy,  all  have  TLS  in  certain 
long  cell  files,  often  with  intervening  cells  without 
these  deposits.  Adjacent  long  cell  files  are  without  these 
substances  as  are  the  stomatal  files.  In  transection  the 
cells  containing  TLS  are  seen  to  be  isolated  and 
rather  scattered  and  two  cells  with  TLS  never  lie  side 
by  side.  Adaxially  TLS  are  confined  to  intercostal  long 
cells  adjacent  to  the  bulliform  cell  groups  and  there 
is  no  lateral  concentration  of  these  deposits.  This  very 
characteristic  cellular  distribution  pattern  is  restricted 
to  these  taxa  and,  combined  with  the  resemblance  in 
overall  leaf  anatomy,  suggests  the  need  for  taxonomic 
reassessment. 


In  some  species  it  is  only  the  adaxial  long  cells  adjacent 
to  the  bulliform  fans  where  TLS  are  visible.  This 
arrangement  is  entirely  different  from  the  situation  where 
the  deposits  are  concentrated  in  the  bulliform  cells 
themselves  and  no  intermediate  examples  were  observed. 
This  pattern  is  also  not  associated  with  a lateral  concen- 
tration of  TLS  in  the  leaf  margin.  Eragrostis  rotifer  (Figure 
5A,  B),  Sorghum  versicolor  (Figure  45B)  and  Loudetia 
flavida  (Figure  15)  are  some  selected  examples  from 
widely  separated  taxa. 

Very  rarely  are  the  abaxial  TLS  most  concentrated  in 
the  costal  long  cells.  This  unique  distribution  pattern  was 
only  observed  in  Ctenium  concinnum  (Figure  2)  of  the 
Chloridoideae.  No  andropogonoid  taxa  exhibit  this  type 
of  arrangement. 
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TLS  were  only  very  rarely  observed  in  the  subsidiary 
cells  of  the  stomata,  such  as  in  Hemarthria  altissima 
(Figure  49).  In  this  example  deposits  even  appear  to  be 
present  in  the  guard  cells,  and  this  probably  represents 
pathogenic  material. 

The  observations  of  this  study,  based  on  comparative 
leaf  blade  samples,  clearly  show  that  the  amount  of  TLS 
present  in  the  leaves  of  any  given  specimen  is  not  uniform 
but  varies  independently  of  season  and  place  of  collection. 
It  was  not  possible  to  determine  whether  leaf  age  has  an 
effect  on  the  concentration  of  TLS  by  the  methods  used. 
Although  no  factors  could  be  identified  which  cause  an 
increase  or  a decrease  in  the  amounts  of  TLS  present  in 
a leaf,  it  is  nevertheless  apparent  that  these  substances  are 
consistently  present  in  definite  and  consistent  patterns  (but 
not  amounts)  in  specific  epidermal  cell  types.  These 
deposition  patterns  are  species  specific  and  appear  to  be 
taxonomically  meaningful  in  many  instances. 

Where  the  occurrence  and  pattern  of  deposition  of  TLS 
is  at  variance  with  other  features  employed  to  circumscribe 
given  groups  of  taxa,  reclassification  is  often  indicated. 
In  all  cases  these  discrepancies  are  also  evident  in  the  leaf 
anatomy  in  general.  This  applies  at  species,  genus  and 
subtribal  level.  In  the  currently  accepted  classification,  the 
placing  of  many  taxa  particularly  in  the  Andropogoneae 
and  Arundinelleae,  is  not  in  agreement  with  the  TLS 
distribution  patterns. 

This  study  shows  that  TLS  can  be  of  great  relevance 
to  the  taxonomy  of  Poaceae.  However,  many  more  taxa 
must  be  studied  before  this  feature  can  be  fully  utilized. 
It  is  imperative  that  taxa  from  outside  Africa  are  compared 
to  closely  related  local  taxa  as  it  may  be  that  this  feature 
is  much  more  prevalent  in  African  grasses  as  a result  of 
their  long  evolutionary  association  with  grazing  herbivores 
(see  also  discussion  below).  If  this  is  so,  then  the 
taxonomic  importance  of  TLS  will  be  greatly  diminished. 

Photosynthesis  of  grasses  with  tannin-like  substances 
(TLS)  in  epidermal  cells 

All  the  grass  species  possessing  TLS  display  Kranz 
anatomy  with  C4  photosynthetic  anatomy  (Ellis  1977; 
Hattersley  1987)  with  only  two  exceptions  (Table  1: 


Arundinoideae):  Ehrharta  dura  and  E.  microlaena  are  the 
only  C3  species  observed  in  this  study  with  TLS- 
containing  epidermal  cells  and  as  such  are  unique.  For 
this  reason  a high  priority  should  be  accorded  the 
determination  of  the  exact  chemical  nature  of  their  cellular 
inclusions  for  comparison  with  that  of  the  TLS  of  C4 
species.  The  anatomical  indications  are  that  C3  and  C4 
grasses  with  TLS  possess  chemically  similar  deposits  but 
this  needs  verification. 

The  majority  of  the  C4  grasses  with  TLS  are  of  the 
NADP-me  anatomical  subtype  which  is  synonymous  with 
malate-forming  species  (Table  1).  This  applies  to  all  the 
representatives  of  the  Andropogoneae,  Arundinelleae  and 
a few  of  the  Paniceae.  Most  grasses  with  TLS,  therefore, 
also  have  this  type  of  photosynthetic  anatomy. 

The  remaining  26  species  with  TLS  are  all  aspartate 
formers,  possibly  of  both  the  NAD-me  and  PEP-ck 
subtypes.  The  subtypes  are  not  certain  as  most  of  these 
PEP-ck  species  have  atypical  anatomy  and  may  in  fact  be 
NAD-me  in  their  biochemistry,  as  shown  by  Prendergast 
et  al.  (1986)  for  some  species  of  Eragrostis.  These  aspartate 
formers  all  belong  to  the  Chloridoideae  except  Panicum 
coloratum  of  the  Paniceae,  which  very  rarely  possesses 
TLS. 

TLS  have,  therefore,  been  observed  in  grasses 
possessing  all  the  variations  in  photosynthetic  pathway 
known  to  occur  in  the  Poaceae,  and  production  of  TLS 
does  not  appear  to  be  restricted  to  species  with  certain 
photosynthetic  types.  Grasses  with  C3  photosynthesis,  as 
well  as  the  three  biochemical  subtypes  of  the  C4  pathway, 
are  all  apparently  capable  of  polyphenol  production. 

Why  malate  formers  dominate  the  grasses  with  TLS 
cannot  be  explained  on  the  NADP-me  C4  subtype  alone 
and  additional  factors  must  be  sought  to  explain  this.  The 
ecology  of  these  NADP-me  type  grasses  appears  to  be 
significant  in  this  regard.  They  appear  to  be  most 
successful  in  conditions  of  minimal  water  stress  but  with 
high  growing-season  temperatures  and  irradiance  (Ellis  et 
al.  1980).  This  trend  is  supported  by  the  collecting 
localities  of  the  specimens  used  in  this  study,  as  discussed 
in  the  following  chapter. 
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Ecology  of  grasses  with  tannin-like  substances  (TLS) 


A distinction  has  traditionally  been  made  in  southern 
Africa  between  sour  and  sweet  grasslands  (Mentis  & 
Huntley  1982).  Sour  grasses  deteriorate  significantly  in 
nutritive  value  as  they  mature,  particularly  at  the  onset 
of  the  dormant  winter  season  but  sweet  grasses  tend  to 
maintain  their  nutritional  levels.  Gradients  of  sourness  and 
sweetness  in  grasslands  broadly  follow  the  dystrophy- 
eutrophy  axes  of  the  soils.  Dystrophic  soils  occur  in  the 
cooler,  wetter  eastern  parts  from  the  coast  to  the  central 
plateau  where  high  precipitation  causes  extreme  leaching. 
Eutrophic  soils  occur  further  to  the  west  where  the  climate 
is  drier  and  warmer,  and  the  associated  grasses  maintain 
their  dietary  quality  throughout  the  year  (Teague  1989). 

The  field  collecting  localities  of  the  grasses  examined 
in  this  study  and  listed  under  Anatomical  observations  and 
taxonomic  implications,  suggest  that  grasses  with  TLS  are 
associated  with  ‘sour’  grasslands  and  dystrophic  soils.  This 
relationship  is  discussed  below  with  reference  to  the  Veld 
types  of  South  Africa  (Acocks  1988)  as  this  probable 
correlation  between  grass  species  and  TLS  and  sourness 
deserves  further  consideration  (Figure  73  & 74). 

Coastal  Tropical  Forest  Types 

A very  high  proportion  of  the  grass  species  collected 
in  Coastal  Tropical  Forest  Types  (Veld  Types  1—7)  possess 
copious  deposits  of  TLS  (Figure  73).  The  grassveld  in 
Coastal  Forest  and  Thornveld  1 is  rarely  a pure,  uniform 
grassland  but  is  rather  scrubby,  with  many  tall  herbs, 
shrubs  and  tall,  coarse  unpalatable  grasses,  most  of  which 
have  epidermal  cells  with  TLS.  This  high  incidence  of 
species  with  TLS  is  particularly  evident  in  Coastal  Forest 
and  Thornveld  1 (including  the  Zululand  Palm  Veld  with 
its  leached,  sandy  soils)  and  the  Eastern  Province 
Thornveld  7 but  is  not  so  marked  in  ’Ngongoni  Veld  5 
which  is  dominated  by  Aristida  junciformis , almost  to  the 
exclusion  of  other  grasses.  The  Pondoland  Coastal  Plateau 
Sourveld  3,  with  a dense,  vigorous,  sour  grassland  is  also 
dominated  by  grass  species  with  TLS,  which  occur  on 
infertile  soils  derived  from  Table  Mountain  sandstone. 

Grasses  containing  TLS  from  Coastal  Tropical  Forest 
Types  belong  mainly  to  the  Andropogoneae,  particularly 
the  subtribes  Andropogoninae  and  Anthistiriinae,  of  which 
virtually  all  specimens  examined  had  TLS  (Figure  74). 
Many  of  the  Chloridoideae  from  these  veld  types  also  con- 
tained TLS. 


Inland  Tropical  Forest  Types 

As  with  the  Coastal  Tropical  Forest  communities,  the 
Inland  Tropical  Forest  Types  (Veld  Types  8 & 9)  also 
exhibit  a large  number  of  species  with  TLS  in  their 
epidermal  cells  (Figure  73).  This  applies  to  both  the  North- 
eastern Mountain  Sourveld  8 and  the  Lowveld  Sour 
Bushveld  9.  This  shared  high  incidence  of  species  with 
TLS  supports  close  floristic  affinities  between  these 
Tropical  Forest  vegetation  types  (Acocks  1988).  In  both, 
species  with  TLS  of  the  Andropogoninae  are  common  and 
the  Anthistiriinae  predominate  (Figure  74).  Species  with 
TLS  belonging  to  the  Arundinelleae  and  Chloridoideae 
are  also  common  in  the  North-eastern  Mountain  Sourveld 
8,  where  the  sour  grasslands  are  virtually  pure  grassveld 
located  on  the  mountain  tops.  The  grassveld  of  the  Lowveld 
Sour  Bushveld  9,  on  the  other  hand,  is  tall,  strongly  tuft- 
ed and  relatively  sparse  with  many  tall  shrubs.  This  sour 
grass  component  is  dominated  by  Hyperthelia,  Hyparrhe- 
nia,  Schizachyrium , Cymbopogon  and  Loudetia  — all  of 
which  contain  TLS,  at  least  when  the  plants  are  in  a 
reproductive  state. 

Tropical  Bush  and  Savanna  Types  (Bushveld) 

The  number  of  grass  species  containing  TLS  is  much 
more  variable  in  the  Tropical  Bush  and  Savanna  or 
Bushveld  Types  (Veld  Types  10—20)  than  in  the  Tropical 
Forest  vegetation  types.  But  the  number  of  species 
containing  TLS  is  never  as  high  in  the  Savanna  and 
Bushveld  types  as  in  the  Tropical  Forest  types.  In  the 
Lowveld  10,  Arid  Lowveld  11  and  Springbok  Flats  Turf 
Thornveld  12  it  is  only  the  Sorghinae  which  contributes 
a proportion  of  TLS-containing  specimens.  In  these  veld 
types  the  soils  are  generally  heavy  and  fertile,  being 
derived  from  igneous  rocks,  and  the  grassveld  is  sweetveld 
with  very  few  TLS-containing  grasses.  A notable  exception 
is  Sorghum  versicolor  which  can  be  very  common  on 
black,  vertic  soils  and  always  possesses  TLS. 

On  the  poorer  sandy  soils  of  the  Bushveld,  the  veld 
becomes  more  sour  and  it  is  in  this  type  of  habitat  that 
TLS-containing  species  occur.  In  Mopani  Veld  15,  for 
example,  all  representatives  of  the  Andropogoninae  contain 
TLS  but  these  species  are  never  numerous  in  the 
communities.  The  Kalahari  Thornveld  16  is  characterized 
by  the  virtual  absence  of  grasses  with  TLS. 
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FIGURE  73.— Map  showing  major  vegetation  groups  and  the  sampled  Veld  Types  (Acocks  1988)  in  which  grasses  with  TLS  were  collected 
in  this  study.  A,  Coastal  Tropical  Forest  Types:  1.  Coastal  Forest;  3,  ’Ngongoni  Veld;  7,  Eastern  Province  Thornveld.  B,  Inland 
Tropical  Forest  Types:  8,  North-eastern  Mountain  Sourveld;  9,  Lowveld  Sour  Bushveld.  C,  Tropical  Bush  and  Savanna  Types  (Bushveld): 
18.  Mixed  Bushveld;  19,  Sourish  Mixed  Bushveld;  20.  Sour  Bushveld.  D,  Temperate  and  Transitional  Forest  and  Scrub  Types:  44, 
Highland  Sourveld;  45,  Natal  Mist  Belt  ’Ngongoni  Veld.  E,  Pure  Grassveld  Types:  48,  Cymbopogon-Themeda  Veld;  52,  Themeda 
Veld  or  Turf  Highveld;  56,  Highland  Sourveld  to  Cymbopogon-Themeda  Veld  Transition;  57,  North-eastern  Sandy  Highveld.  F, 
False  Grassveld  Types:  61,  Bankenveld;  63,  Piet  Retief  Sourveld.  Veld  Types  64,  Northern  Tall  Grassveld,  and  65,  Southern  Tall 
Grassveld,  were  not  included  in  this  study. 


66 


FIGURE  74.— Frequency  of  occurrence  of  TLS  in  the  subfamilies  Panicoideae  and  Chloridoideae  in  relation  to  major  vegetation  groups  and 
veld  types  (Acocks  1988).  Vertical  axis:  number  of  specimens  studied  (2  mm  = 1 specimen);  shaded  bars:  specimens  with  TLS;  open 
bars:  specimens  without  TLS.  Horizontal  axis:  major  vegetation  groups  and  veld  types  (as  on  Figure  73);  G,  Karoo  and  Karroid  Types; 
H,  Sclerophyllous  and  False  Sclerophyllous  Bush  Types  (Fynbos). 
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The  remaining  three  Bushveld  veld  types  (Mixed 
Bushveld  18,  Sourish  Mixed  Bushveld  19  and  Sour  Bush- 
veld 20)  all  have  a much  greater  proportion  of  grasses  with 
TLS  (Figure  73).  These  belong  mainly  to  the  Andropogo- 
ninae,  Anthistiriinae,  Arundinelleae  and  particularly  the 
Chloridoideae  (Figure  74).  In  these  vegetation  types  the 
savanna  understorey  is  a tall  and  dense  grassveld  often 
dominated  by  Themeda,  Cymbopogon,  Hyparrhenia  and 
Elionurus  in  sandy  loam  soils.  A tufted,  wiry  and 
unpalatable  sour  grassveld  occurs  on  the  poor  quartzitic 
sandstone  soils  of  the  Waterberg.  Dominant  grasses  are 
Schizachyrium,  Loudetia,  Diheteropogon  and  Hyperthelia, 
all  of  which  possess  TLS. 

Many  of  the  tree  species  of  these  sour  bushveld 
communities  also  exhibit  high  total  tannin  levels  (Cooper 
& Owen-Smith  1985;  Jachmann  1989).  Patterns  of 
acceptance  of  these  woody  species  in  the  diets  of  browsers, 
such  as  kudus,  impalas,  goats  (Owen-Smith  & Cooper 
1987)  and  elephants  (Jachmann  1989),  have  been  shown 
to  be  related  primarily  to  their  levels  of  concentration  of 
condensed  tannins.  Non-preferred  species  are  Terminalia, 
Burkea,  Faurea,  Ochna  and  Peltophorum,  all  of  which 
occur  on  sandy  soils  with  low  nutrient  availability  and  in 
association  with  many  grasses  containing  TLS.  This 
corresponds  to  the  moist/dystrophic  subdivision  of  the 
African  savanna  biome  of  Mentis  & Huntley  (1982)  and 
contrasts  with  the  arid/eutrophic  savanna  typified  by 
fine-leaved,  spinescent  trees  and  shrubs,  of  which  Acacia 
is  characteristic.  Woody  plants  known  to  have  chemical 
defences  against  vertebrate  herbivores  are  prominent  on 
nutrient-deficient  soils,  whereas  those  with  structural 
defences  are  common  on  fertile  soils  (Cooper  & 
Owen-Smith  1987),  a pattern  also  evident  for  grasses  from 
this  study. 

Karoo  and  Karroid  Types 

TLS  are  very  rare  in  all  the  21  Karoo  and  Karroid  Types. 
These  ‘sweet’  veld  types  occur  in  the  drier  central  and 
western  parts  of  the  subcontinent  on  eutrophic  soils. 
Species  with  TLS  belong  to  the  Andropogoninae 
( Cymbopogon  dieterlenii,  C.  plurinodis ),  Anthistiriinae 
( Hyparrhenia  hirta ) and  Chloridoideae  ( Eragrostis  bicolor, 
E.  micrantha  and  Sporobolus  nervosus).  These  species  are 
usually  associated  with  wetter  habitats,  such  as  beneath 
rock  domes  or  in  damp  depressions,  in  this  generally  arid 
environment. 

Temperate  and  Transitional  Forest  and  Scrub  Types 

The  veld  types  of  the  Temperate  and  Transitional  Forest 
and  Scrub  Types  also  exhibit  a high  proportion  of  species 
with  TLS,  particularly  in  the  Highland  Sourveld  44a  and 
Dohne  Sourveld  44b  (Figure  73).  These  grasslands  occur 
generally  at  higher  altitudes  (1  350—2  150  m)  with  good 
rainfall  (750—1  500  mm  per  annum)  and  with  deep  but 
leached  soils.  The  sour  grassland  is  a pure  grassveld  with 
few  shrubs  or  thorn  trees.  The  Andropogoneae  (with  the 
exception  of  the  Sorghinae  and  the  Ischaeminae)  and  the 
Arundinelleae  contribute  the  bulk  of  the  TLS-containing 
species  and  most  specimens  of  these  taxa  have  TLS. 
Similar  patterns  of  distribution  of  TLS  appear  to  occur 


in  the  Natal  Mist  Belt  'Ngongoni  Veld  45  and  the  Coastal 
Fynbos  47,  although  these  were  less  intensively  sampled 
than  the  Highland  Sourveld  44a  and  Dohne  Sourveld  44b. 

Pure  Grassveld  Types 

The  nine  Pure  Grassveld  Types  are  characterized  by 
a low  representation  of  grasses  with  TLS,  particularly 
of  the  Andropogoneae  and  Arundinelleae.  However, 
chloridoid  species  with  TLS  in  their  epidermal  cells  are 
relatively  frequent  in  Cymbopogon-Themeda  Veld  48,  Turf 
Highveld  52  and  the  North-eastern  Sandy  Highveld  57. 
These  veld  types  are  drier  than  Temperate  and  Transitional 
Forest  and  Scrub  Types  (e.g.  Highland  Sourveld  44)  and 
receive  less  than  750  mm  per  annum  with  the  soils  less 
leached.  Nevertheless,  a mixed  sour  grassveld  is  the  climax 
(Acocks  1988)  although  levels  of  TLS  do  not  appear  to 
be  correspondingly  high.  To  the  west  and  south  at  drier 
lower  altitudes  the  Dry  Cymbopogon-Themeda  Veld  50  is 
much  sweeter,  and  more  representative  sampling  of  these 
Pure  Grassveld  Types  may  indicate  a similar  trend  in  TLS 
occurrence.  The  North-eastern  Sandy  Highveld  57  thus 
appears  to  be  the  most  sour  of  these  Pure  Grassveld  Types 
(Figure  73)  with  the  unpalatable  dominants  Tristachya 
leucothrix  and  Trachypogon  spicatus  both  containing  TLS. 

Unexpectedly,  the  Themeda-Festuca  Alpine  Veld  58 
apparently  has  very  few  species  containing  TLS,  which, 
apart  from  Themeda  triandra , never  appear  to  dominate. 
C,  species  are  common  in  this  veld  type  and  none 
possess  tannin  cells.  This  is  a short  dense  grassveld  varying 
from  sweet  to  mixed  (Acocks  1988)  on  fertile  basaltic  soils, 
and  this  may  explain  the  low  incidence  of  grasses  with 
TLS. 

False  Grassveld  Types 

The  Bankenveld  61  and,  to  a lesser  extent,  the  Piet  Retief 
Sourveld  63  of  the  False  Grassveld  Types  generally  have 
a higher  incidence  of  TLS-containing  species  than  do  the 
Pure  Grassveld  Types  (Figure  73).  The  Bankenveld  61  is 
a mixed,  extremely  sour  grassland,  in  which  forbs  are  very 
important.  The  soils  are  poor  and  acid.  High  numbers  of 
species  containing  TLS  are  associated  with  these  veld 
types.  The  Andropogoneae  comprise  a large  proportion 
of  these  grasses  although  to  a lesser  extent  than  in  Tropical 
Forest  and  Bushveld  types.  This  applies  particularly  to  the 
Andropogoninae  (Figure  74).  Most  of  the  TLS-containing 
species  in  these  veld  types  belong  to  the  Chloridoideae. 
The  Northern  Tall  Grassveld  64  and  Southern  Tall  Grass- 
veld 65  types  were  poorly  sampled  in  this  study. 

Sclerophyllous  Bush  Types — Fynbos 

Grasses  are  generally  poorly  represented  in  the  Fynbos. 
When  present,  they  are  mostly  of  temperate  affinity 
(belonging  to  the  Pooideae  and  Arundinoideae),  with  the 
C3  photosynthetic  pathway  and  with  very  few  species 
with  TLS.  Rainfall  occurs  in  winter  and  the  sandstone- 
derived  soils  are  poor  and  infertile.  These  typically 
dystrophic  soils  would  be  expected  to  be  associated  with 
a high  incidence  of  species  containing  TLS  as  is  shown 
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by  the  exceptionally  high  levels  of  phenolics  in  other 
fynbos  plants  (Glyphis  & Puttick  1988).  This  situation  is 
not  evident  in  the  fynbos  grasses  however.  In  addition, 
there  appears  to  be  little  room  for  grassveld  in  the  Fynbos 
succession  (Acocks  1988)  and  grasses  appear  to  have  been 
replaced  by  Restionaceae,  especially  at  higher  altitudes. 
In  the  Restionaceae  tannin  cells  are  of  general  occurrence 
(Cutler  1969)  and  this  family  seems  to  have  replaced 
grasses  with  TLS  in  these  veld  types.  The  only  C3 
grasses  known  to  possess  TLS  cells,  Ehrharta  dura  and 
E.  microlaena,  occur  in  this  veld  type. 

Discussion  of  ecological  implications 

Grasses  containing  TLS,  therefore,  appear  to  be 
positively  correlated  with  sour  grassveld  and  dystrophic 
soils,  irrespective  of  whether  these  soils  occur  in  the 
highveld  or  the  low  veld.  Grasses  with  TLS  are  most 
abundant  in  the  moister  eastern  parts  of  the  subcontinent, 
both  in  grassland  and  savanna  communities  (Figure  73). 
On  the  central  plateau  they  are  less  significant  and  decrease 
markedly  in  importance  westwards  with  a corresponding 
increase  in  aridity.  These  latter  conditions  are  generally 
associated  with  eutrophic  soils  (Mentis  & Huntley  1982). 
The  only  exception  to  this  trend  is  the  Fynbos  where 
grasses  have  been  replaced  by  Restionaceae  which  contain 
tannins. 

These  observations  support  the  hypothesis  that  resource 
availability  determines  amounts  and  types  of  plant  defences 
(Coley  et  al.  1985)  and  grasses  growing  in  nitrogen 
deficient  soils  apparently  accumulate  polyphenols,  which 
are  carbon-rich  secondary  metabolites,  rather  than 
nitrogen-containing  defence  chemicals  such  as  alkaloids 
and  non-protein  amino  acids  (Feeny  1976).  The  latter 
compounds  are  rare  in  the  Poaceae  and  only  16  species 
are  loiown  to  possess  alkaloids  (Hodgkinson  & Williams 
1983).  A delicate  balance  probably  exists  between  the 
adaptive  advantage  conferred  by  a herbivore-deterrent 
chemical  and  the  metabolic  cost  of  its  production  (McKey 
1979).  Furthermore,  patterns  of  variation  in  the  importance 
of  herbivore  pressure  and  the  metabolic  costs  of  chemical 
defence  will  be  reflected  by  variation  in  the  amounts  of 
defensive  chemicals  produced  (Whittaker  & Feeny  1971). 

Most  grass  species  are  restricted  to  either  sourveld  or 
sweetveld  but  others  occur  along  the  entire  sweet-sour 
gradient.  The  occurrence  of  TLS  in  these  latter  species 
needs  detailed  further  study.  Indications  from  this  study 
are  that  these  species  conform  to  the  general  pattern 
outlined  above.  Thus,  in  Themeda  triandra,  a widespread 
species  found  in  both  sweetveld  and  sourveld,  this  gradient 
appears  to  be  reflected  in  the  number  and  density  of  the 
TLS.  Sweetveld  specimens  have  no  deposits,  or  only  very 
few  lateral  cells  with  small  amounts  of  granular  material, 
whereas  sourveld  specimens  usually  have  dense,  resinous 
deposits  in  many  or  even  most  epidermal  cells  as  illustrated 
in  Figure  35. 

Even  species  with  TLS  from  sourveld  areas  show 
variable  concentrations  of  TLS  in  the  leaf  blades.  Circum- 
stantial evidence  suggests  that  this  is  a reflection  of  the 
management  regime  in  the  particular  growing  season, 
particularly  the  intensity  and  frequency  of  utilization  by 


grazing  herbivores.  Specimens  collected  in  communal 
farming  areas  with  a continuous  grazing  regime  have  par- 
ticularly dense  concentrations  of  TLS  as  in  Figure  23.  This 
specimen  of  Andropogon  gayanus  var.  polycladus,  in 
which  all  epidermal  cells,  both  adaxially  and  abaxially  as 
well  as  laterally  near  the  margins  and  centrally  over  the 
keel,  were  filled  with  dark  dense  deposits,  was  collected 
in  the  Zululand  Palm  Veld  near  a kraal  where  cattle  were 
stalled  daily.  Although  the  area  was  severely  overgrazed, 
the  plant  from  which  this  leaf  was  sampled  was  untouched 
and  growing  vigorously.  Specimens  of  the  same  species 
from  the  same  veld  type,  but  far  removed  from  human 
habitation,  had  much  fewer  cells  with  TLS. 

Similarly,  grasses  collected  in  the  mountain  catchment 
areas  of  the  Natal  Drakensberg,  where  grazing  intensity 
is  extremely  light,  had  very  few  cells  with  TLS,  although 
the  grassland  communities  are  typically  sour  on  leached, 
dystrophic  soils.  Other  specimens  of  these  same  species 
from  similar  Highland  Sourveld  44  communities  exhibited 
much  greater  concentrations  of  TLS  whenever  heavy 
recent  grazing  was  evident.  These  observations  seem  to 
indicate  that  the  possible  defensive  role  of  these 
compounds  demands  a metabolic  cost  as  their  production 
apparently  is  induced  by  herbivore  damage  as  suggested 
by  Whittaker  & Feeny  (1971). 

The  number  of  cells  with  TLS  in  the  leaves  of  a given 
grass  plant  may,  therefore,  increase  in  response  to  grazing 
by  ungulates  and  arthropods.  It  is  possible  that  phenol 
levels  increase  in  response  to  this  defoliation  as  has  been 
reported  in  certain  dicotyledons  (Owen-Smith  1982;  Bryant 
et  al.  1983;  Rhoades  1985).  This  possibility  needs  to  be 
examined. 

Possible  effects  of  tannin-like  substances  (TLS)  in 
grasses  on  herbivores  and  soil  nitrification 

Grasses  generally  are  attractive  to  herbivores  and 
tolerate  rather  than  deter  grazing.  They  exhibit  several 
adaptations  for  persistence  under  grazing,  namely  basal 
meristems,  prostrate  habit,  storage  organs,  root  structure 
and  tillering.  Very  few  grasses  repel  grazing  by  morpho- 
logical deterrents  such  as  spinescence,  examples  being 
Cladoraphis  spinosa  and  Stipagrostis  namaquensis. 
Biochemical  deterrents  are  also  very  rare  with  only  16 
species  known  to  contain  alkaloids  and  100  species  with 
cyanogenetic  glycosides  (Hodgkinson  & Williams  1983), 
but  usually  at  non-toxic  levels.  The  possible  role  of  tannins 
in  grasses  has  previously  not  been  considered  and 
must,  therefore,  be  sought  in  the  results  of  studies  on 
dicotyledons. 

Tannins  have  previously  been  reported  from  the  seeds 
of  certain  sorghum  cultivars,  where  they  are  considered 
to  be  responsible  for  deterring  consumption  by  birds 
(Butler  1982).  Apart  from  brief  reports  on  the  presence 
of  leuco-anthocyanins  in  leaves  of  Hyparrhenia  filipendula, 
Imperata  cylindrica,  Themeda  triandra  and  Bothriochloa 
insculpta  (Bate-Smith  & Swain  1967),  and  condensed 
tannins  in  Andropogon  gerardi,  A.  scoparius,  A.  virginicus 
and  Sorghastrum  nutans  (Rice  & Pancholy  1973),  there 
appears  to  be  no  information  available  on  the  presence  of 
tannins  in  grass  foliage  and  these  reports  themselves  need 
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confirmation.  However,  tannins  in  dicotyledons  have 
received  considerable  research  attention  recently  and,  if 
the  same  substances  do  in  fact  occur  in  grasses,  similar 
functions  can  be  assumed  for  these  secondary  chemicals 
in  both  plant  groups.  Consequently,  a brief  review  of  the 
proposed  functions  of  tannins  will  be  given  to  see  if  the 
circumstantial  evidence  of  this  study  corroborates  the 
conclusions  from  studies  on  woody  plants. 

Tannins  are  a structurally  diverse  group  of  natural 
phenolic  secondary  plant  products  which  are  protein 
precipitants  (Cooper  & Owen-Smith  1985;  Mole  & 
Waterman  1987)  and  as  such  are  believed  to  function  as 
feeding-deterrents  to  large  herbivores  (Swain  1979;  Cooper 
& Owen-Smith  1985;  Van  Hoven  1985).  Tannins  can  be 
divided  into  two  main  classes,  hydrolysable  tannins 
(ellagitannins  and  gallotannins)  and  condensed  tannins 
(pro-anthocyanidins).  It  has  been  hypothesized  that 
hydrolysable  tannin  may  inactivate  digestive  enzymes  of 
herbivorous  insects,  while  condensed  tannins  may  protect 
intact  cell  walls  against  microbial  and  fungal  attack 
(Zucker  1983;  Jachmann  1989)  by  attaching  to  the  cellulose 
and  fibre-bound  proteins  of  the  cell  walls.  As  such, 
condensed  tannins  may  influence  digestion  in  large 
herbivores  by  limiting  microbial  fermentation  of  the  plant 
cell  walls  while  in  the  digestive  tract. 

Such  digestibility-reducing  effects  of  tannins  have  yet 
to  be  conclusively  demonstrated  (Mole  & Waterman  1987). 
It  must  also  be  pointed  out  that  soluble  phenolics,  that  do 
not  inhibit  digestion  but  are  absorbed  and  reduce  intake 
through  their  toxicity,  appear  to  be  as  important  in 
defending  some  plant  parts  against  ruminants  (Robbins  et 
al.  1987).  However,  tannins  undoubtedly  influence  the 
feeding  of  insects  and  large  herbivores  but  it  remains 
unclear  whether  this  is  due  to  astringency,  to  digestibility- 
reducing  properties  (Jachmann  1989)  or  to  toxicity. 

Tannins  may  therefore,  act  as  antifeedants  because  1, 
they  complex  with  food  proteins,  2,  they  bind  to  microbial 
enzymes,  reducing  fermentation  and  degradation  of  fibrous 
tissue,  3,  they  bind  to  digestive  enzymes  in  general, 
reducing  their  activity,  and  4,  they  have  an  astringent  taste 
(Swain  1979).  Simple  phenolics  and  the  phenol  component 
of  hydrolyzable  tannins  may  deter  feeding  as  they  may  be 
absorbed  and  subsequently  decrease  intake  by  altering 
physiological  systems  in  the  animal;  creating  toxicity;  or 
creating  an  additional  energy  requirement  if  their 
detoxification  is  an  energy-demanding  process  (Robbins 
et  al.  1987). 

In  insects  and  non-ruminants,  in  which  microbial 
fermentation  takes  place  in  the  colon  and  caecum, 
condensed  tannins  may  be  less  effective  in  reducing 
digestion  than  in  ruminants,  possibly  due  to  the  action  of 
bile  surfactants  in  interfering  with  precipitation  of  the 
dietary  proteins  (Jachmann  1989).  In  ruminants,  in  which 
bacterial  fermentation  takes  place  in  the  rumen,  before  bile 
surfactants  can  interfere  with  tannin-protein  complexing, 
ingestion  of  tannin-rich  food  may  affect  the  microbial 
enzymatic  process,  reducing  the  effectivity  of  protein  and 
structural  carbohydrate  digestion.  Tannins  in  grasses  may 
act  in  a similar  fashion,  being  particularly  deleterious  to 
grazing  ruminants. 


It  seems  as  if  some  animals,  such  as  rats  and  man,  can 
adapt  to  the  deleterious  dietary  effects  of  sorghum  tannins 
by  the  synthesis  of  a series  of  proline-rich  proteins  in  the 
parotid  glands  (Harborne  & Williams  1986).  These 
salivary  proteins  have  a high  affinity  for  tannins,  which 
are  bound  and  thus  inactivated  at  an  early  stage  in  the 
digestive  process.  Some  browsing  herbivores  have  been 
shown  to  possess  similar  salivary  proteins  (Robbins  et  al. 
1987)  but  these  have  yet  to  be  demonstrated  in  grazing 
ungulates. 

It  has  been  assumed  that  domestic  sheep  and  cattle 
would  have  no  need  to  develop  physiological  defences 
against  tannins  because  they  feed  predominantly  on  grasses 
and  because  of  their  behavioural  avoidance  of  tanniniferous 
forages  (Robbins  et  al.  1987).  Domestic  browsers,  such 
as  goats,  have  greater  tolerance  of  tannins  than  other 
domestic  livestock  species  (Owen-Smith  & Cooper  1985). 
The  high  apparent  protein  requirements  of  goats,  and  other 
browsers,  may  be  due  to  this  synthesis  of  salivary  proteins 
although  metabolic  protein  requirements  of  grazing  and 
browsing  ungulates  of  equivalent  size  are  believed  to  be 
the  same  (Teague  1989).  If  tannins  do  occur  in  grass  leaves 
they  should  have  extremely  deleterious  effects  on  the 
performance  of  grazers  as  these  subsist  on  a low  protein 
diet  and  have  low  tannin  detoxification  capabilities. 

Increased  levels  of  phenols  have  been  shown  to  occur 
in  damaged  tree  leaves  after  damage  by  herbivores 
(Rhoades  1979;  Van  Hoven  1985).  This  response  may  be 
extremely  rapid — of  the  magnitude  of  94%  in  15  minutes 
and  it  can  take  up  to  100  hours  without  further  disturbance 
for  tannin  levels  to  return  to  normal  threshold  levels  which 
are  under  the  influence  of  climatic  and  environmental 
factors  (Van  Hoven  1985).  In  intensively  utilized  veld  these 
threshold  levels  can  be  raised  to  such  an  extent  that  the 
leaves  become  permanently  toxic. 

Dicotyledons  maintaining  high  concentrations  of 
condensed  tannins  in  their  leaves,  therefore,  benefit  from 
reduced  levels  of  herbivory  by  ungulates  (Cooper  & 
Owen-Smith  1985).  Losses  of  the  nutrients  contained  in 
these  leaves  would  be  most  detrimental  to  plants  growing 
under  conditions  of  nutrient  stress  and  thus  the  higher 
tannin  threshold  levels  in  dystrophic  soil  plant  communi- 
ties, a pattern  shared  with  the  unpalatable  .sour  grasses 
with  TLS  deposits  in  their  leaves.  Fertilization  of  low 
nutrient  plant  communities  may  lead  to  increases  in  foliar 
nitrogen  and  decreased  phenolic  concentrations  (Glyphis 
& Puttick  1988),  supporting  the  above  hypothesis. 

Tannins,  therefore,  are  generally  considered  to  be 
undesirable  constituents  of  forage  owing  to  their  adverse 
effects  on  digestibility.  However,  certain  authors  regard 
tannins  as  desirable  (Sarkar  et  al.  1976;  Marshall  et  al. 
1979)  for  their  possible  protection  against  bloat  in  grazing 
animals.  Bloat  is  caused  by  the  formation  of  a stable  foam 
in  the  rumen  which  prevents  eructation  of  gases  produced 
by  microbial  fermentation  of  ingested  food.  Soluble  leaf 
proteins  are  the  principal  foaming  agents  and  tannins 
apparently  act  to  precipitate  these  proteins  and  so  to  reduce 
the  level  of  these  soluble  leaf  proteins  below  that  required 
to  induce  bloat  (Marshall  et  at.  1979).  Herbaceous  legumes 
with  tannins  are,  therefore,  considered  desirable  for  use 
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in  pastures  or  in  breeding  programmes  (Walton  et  al. 
1983).  This  view  appears  to  be  in  conflict  with  the  known 
digestibility-reducing  properties  of  tannins  but  does  serve 
to  emphasize  the  complexity  of  ecological  interrelation- 
ships. 

Another  possible  role  of  tannins  may  be  connected  with 
the  inhibition  of  nitrification  in  the  soil  (Rice  & Pancholy 
1973).  The  studies  of  these  authors  suggest  that  numbers 
of  nitrifiers  are  highest  in  early  successional  stages  and 
decrease  to  low  numbers  in  climax  ecosystems  with  the 
result  that  ammonium  nitrogen  is  not  readily  oxidised  to 
nitrate.  Concomitant  with  this  is  a corresponding  increase 
in  tannins  in  the  soil  in  these  climax  systems  where  they 
appear  to  accumulate  over  time.  Condensed  tannins,  which 
are  inhibitory  to  nitrification  (Rice  & Pancholy  1973),  are 
thus  highest  in  the  climax  vegetation,  including  the  grass 
component  of  the  tall  grass  prairie.  As  a result  the  amount 
of  ammonium  nitrogen  increases  from  a low  in  early 
successional  stages  to  a high  in  the  climax,  whereas  the 
amount  of  nitrate  decreases  with  a corresponding  decrease 
in  the  numbers  of  nitrifiers.  This  probably  aids  in  the 
conservation  of  nitrogen  and  energy  in  the  stable  climax 
ecosystem  (Rice  & Pancholy  1973). 

The  above  considerations  support  observations  that 
ruderal,  pioneer  grass  species  which  occupy  disturbed, 
nutrient-rich  sites  of  high  productivity  are  responsive  to 
varied  or  pulsating  levels  of  inorganic  nutrients,  including 
supplementary  nitrogen  (Anderson  1987).  Climax 
grassland  species,  on  the  other  hand,  are  associated  with 
stable  habitats,  with  a constant  but  moderate  to  low  supply 
of  available  nitrogen,  and  are  not  adaptable  to  varied 
nutrient  conditions  and  are  sensitive  to  increased  nitrogen 
levels  (Tew  et  al.  1974).  Thus  grassland  communities  from 
sour,  dystrophic  soils  are  adapted  to  low  nitrogen  levels 
and  actually  exhibit  high  nitrogen  sensitivity,  and  the 
production  of  tannin  may  assist  in  maintaining  the  stability 
of  these  sour  grasslands. 

Tew  et  al.  (1974)  have  shown  that  aspartate -forming  C4 
grasses  exhibit  low  nitrogen  sensitivity  whereas  climax 
sourveld  grasses,  among  which  malate  formers 
predominate,  are  not  tolerant  of  increasing  nitrogen  levels. 
Under  conditions  of  heavy  grazing  and  trampling,  with 


the  consequent  nitrogen  enrichment  by  livestock,  sourveld 
malate  species  are  therefore  replaced  by  nitrogen-tolerant 
aspartate  species — the  so-called  ‘mtshiki’  grasses  such  as 
Eragrostis  plana,  E.  curvula,  Sporobolus  africanus  and 
S.  pyramidalis  (Mentis  & Huntley  1982). 

Most  grasses  with  epidermal  cells  with  TLS  are  C4 
malate-forming  species  (Table  1)  and  these  may  all  be 
sensitive  to  increased  nitrogen  levels.  Other  C4  malate 
species,  without  TLS  in  their  cells  do  not  exhibit  this 
nitrogen  sensitivity  but  they  do  not  predominate  in  sour 
grassland  communities.  Examples  are  most  of  the 
malate-forming  Paniceae  ( Paspalum , Setaria,  Digitaria, 
Pennisetum  etc.)  as  well  as  the  Andropogoneae  without 
TLS  ( Sorghum , Zea,  Coix,  Saccharum  etc.).  These 
malate-forming  C4  species  all  respond  positively  to 
supplementary  nitrogen  and  generally  occur  in  more 
eutrophic  conditions. 

This  relationship  between  tannins  and  the  nitrification 
processes  in  the  soil  seems  to  be  supported  by  the 
behaviour  of  the  indigenous  South  African  sourveld 
herbivores.  In  sour  grasslands  ungulate  grazing  probably 
was  never  intense  over  extended  periods  (Mentis  & 
Huntley  1982)  but  frequent  and  intense  fires  were  the  main 
defoliating  agent.  In  sweetveld,  on  the  other  hand,  grazing 
has  possibly  always  been  the  prime  cause  of  defoliation 
with  fires  more  sporadic.  The  indigenous  ruminants  of  the 
sour  grasslands  consisted  of  two  basic  antelope  types 
which  utilized  these  grasslands  in  different  ways:  localized, 
resident,  specialist  feeders  living  in  small  family  groups 
(grey  rhebuck,  mountain  reedbuck,  common  reedbuck  and 
oribi)  and  migratory,  herdforming  nomadic  species  (black 
wildebeest,  blesbok  and  red  hartebeest)  (Mentis  & Huntley 
1982).  The  former  were  permanent  sourveld  residents 
which  exerted  a low  and  selective  grazing  pressure  on  the 
vegetation,  utilizing  specific  plant  parts.  The  latter  were 
gregarious,  largely  nomadic,  continuously  moving  in 
response  to  food  quality  and  availability  in  summer,  and 
migrating  to  sweetveld  areas  in  winter.  These  grazing 
patterns  were  undoubtedly  determined  by  forage  quality 
which  would  be  influenced  considerably  by  the  presence 
of  tannins.  The  possible  role  of  TLS  as  antifeedants  needs 
urgent  study  as  it  may  have  profound  implications  for  the 
commercial  utlization,  conservation  and  management  of 
these  sour  grasslands. 
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Conclusions 


Epidermal  cells  with  deposits  of  TLS  are  demonstrated 
in  a variety  of  tropical  grasses  mainly  from  southern 
Africa.  The  majority  of  these  TLS-containing  grass  species 
belong  to  the  Andropogoneae  and  Arundinelleae  of  the 
Panicoideae  and  they  are  all  C4  malate  formers.  A few 
chloridoid  species  with  cells  containing  TLS  are  identified 
and  these  are  aspartate  formers.  Only  two  C3  grasses 
with  TLS  were  encountered  in  this  survey — Ehrharta  dura 
and  E.  microlaena. 

The  anatomical  observations  of  this  study  clearly  show 
that  the  occurrence  of  TLS  in  the  epidermal  cells  of  the 
Poaceae  is  not  random.  Instead,  these  cells  with  their 
distinctive  contents  are  associated  only  with  certain 
subfamilies,  and  even  in  these  subfamilies  they  need  not 
be  consistently  present  but  may  be  restricted  to  some  of 
the  tribes,  genera  and  species  as  summarized  in  Table  1. 
The  distribution  of  TLS  in  the  family  may  therefore,  be 
taxonomically  meaningful  and  this  survey  was  carried  out 
to  test  this  possibilty. 

Initially  it  appeared  that  the  arrangement  of  these 
epidermal  cells  with  TLS  in  the  leaf  blade,  as  well  as  their 
distribution  in  the  different  subfamilies  and  tribes  of  the 
Poaceae,  was  taxonomically  significant  and  that  they  would 
provide  a useful  new  character  in  grass  classification. 
However,  the  detailed  comparative  anatomical  study 
reported  on  here  shows  that  this  is  not  always  the  case  and 
that  the  distribution  of  TLS  in  the  family  does  not  always 
reflect  current  taxonomic  views.  The  presence  and  arrange- 
ment of  TLS,  however,  combined  with  overall  leaf  anato- 
my, provide  evidence  for  considerable  taxonomic 
adjustment  which  should  result  in  improvements  in  the 
classification  of  the  Poaceae. 

The  TLS  themselves  have  limitations  as  taxonomic 
characters  because  they  are  not  always  present  or  visible. 
The  extent  of  their  presence  seems  to  be  linked  to  abiotic 
factors — particularly  the  recent  grazing  history  of  a given 
plant.  In  many  species  their  occurrence  was  sporadic  and 
variable,  and  the  reasons  for  this  must  be  understood  before 
the  possession  of  TLS  can  be  strongly  advocated  as  a 
taxonomically  useful  character. 

Grass  species  with  epidermal  cells  with  TLS  are 
primarily  associated  with  dystrophic  soils  and  predominate 


in  the  sour  grasslands  and  savannas  of  southern  Africa. 
The  circumstantial  evidence  of  this  study  suggests 
that  these  grasses  contain  polyphenols,  and  possibly 
even  condensed  tannins,  which  may  function  in  two 
ways: 

1,  by  responding  to  grazing  by  increasing  the  number  of 
epidermal  cells  containing  TLS  and  thus  becoming 
astringent,  toxic  or  reducing  the  nutritional  value  of  the 
forage  by  interfering  with  protein  digestion.  Possibly,  as 
a result  of  this  increased  TLS  production,  the  major 
indigenous  herbivores  were  nomadic  and  not  sedentary, 
and  damage  caused  by  animals  and  nitrification  was  not 
protracted  or  concentrated  but  spread  evenly  and 
irregularly  throughout  the  sour  grassland  areas.  The  TLS 
in  the  forage  of  these  grasses  may,  therefore,  serve  to  limit 
nutrient  loss  from  damage  caused  by  herbivores  and  to 
minimize  animal  nitrification,  thus  maintaining  the 
stability  of  these  climax  communities; 

2,  by  inhibiting  nitrification  in  the  soil  by  reducing  the 
numbers  of  micro-organisms  present  in  the  soil.  Thus 
decomposition  of  dung  and  dead  vegetative  material  is 
slowed  and  nitrate  levels  are  maintained  at  low  levels.  This 
accumulation  of  tannins  in  the  soils  may,  once  again, 
promote  the  stability  of  the  sourveld  grassland  community 
as  these  sour  grasses  with  TLS  are  adapted  to  nutrient  poor 
conditions  and  are  sensitive  to  increased  nitrogen  levels, 
being  replaced  by  species  which  respond  positively  to 
higher  nitrogen  levels. 

The  presence  of  TLS  in  the  epidermal  cells  in  these  sour 
grasses  may,  therefore,  have  profound  ecological  and 
management  significance.  Their  exact  chemical  nature 
needs  to  be  determined  before  their  full  biological 
impact  can  be  assessed  and  this  paper  identifies  many 
species  which  will  be  most  suitable  for  chemical  analysis. 
These  species  nearly  always  exhibit  relatively  large 
numbers  of  epidermal  cells  containing  dense  concentra- 
tions of  deposits  of  TLS,  particularly  if  subjected  to  prior 
heavy  grazing  pressures.  Chemical  analysis  of  a select 
sample  of  these  species  should  confirm  or  refute  the 
circumstantial  evidence  presented  here  concerning  the 
possible  functions  of  these  epidermal  cells  with  TLS.  The 
results  may  compel  grassland  managers  to  take  these 
facts  into  consideration  in  developing  strategies  for  the 
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conservation  and  utilization  of  the  sour  grassland  and 
savanna  areas  of  southern  Africa. 

This  paper  identifies  many  taxa  suitable  for  further 
investigation,  in  particular  all  species  of  the  genera 
Hyparrhenia  and  Loudetia  as  well  as  Andropogon  gayanus 
and  Eulalia  villosa.  These  four  taxa  are  common  and 


widespread  in  their  distribution,  they  occur  in  both 
grassveld  and  bushveld  communities,  and  represent  two 
different  evolutionary  lines.  Virtually  all  91  specimens  of 
these  genera  examined  in  this  study  possessed  large 
numbers  of  epidermal  cells  containing  TLS,  irrespective 
of  geographical  distribution,  season  of  collection,  leaf  age 
or  management  regime. 
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Index  to  genera,  sections  and  species 


Acacia  Mill.,  68 

Andropogon,  section  (Andropogoninae),  26,  27,  28,  30,  60 
Andropogon  L.,  23,  24  , 25,  26,  27,  28,  33,  52 
amethystinus  Steud. , 26,  28,  30 
appendiculatus  Nees,  25,  28,  28 
brazzae  Franch. , 25,  28,  29 
chinensis  (Nees)  Merr.,  23,  24,  29 
distachyos  L.,  26,  29,  30 
eucomus  Nees,  25,  27,  29 
festuciformis  Rendle , 25,  29 
gayanus  Kunth.,  5,  25,  28,  33,  73,  74 
var.  polycladus  (Hack.)  Clayton,  26,  29,  69 
gerardi  Vitman,  26,  69 
huillensis  Rendle,  25,  27,  29,  59 
lacunosus  J.G.  Anders. , 26,  29,  30 
laxatus  Stapf,  25,  29 
leucostachys  //.  B.  A'. , 25,  29 
mannii  Hook,  f,  26,  30,  30 
ravus  J.G.  Anders. , 5,  23,  24,  30 
schirensis  A.  Rich.,  23,  25,  30 
scoparius  Michx.,  69 
virginicus  L.,  69 
Aristida  L. , 8 

junciformis  Trin.  & Rupr. , 65 
oligantha  Michx. , 8 
Arthraxon  Beauv.,  26,  60 
lanceolatus  (Roxb.)  Hochst.,  30,  31 
Arundinella  Raddi,  19 
nepalensis  Trin. , 19,  20 
Bothriochloa  Kuntze,  37,  38,  39 
bladhii  (Retz.)  S.T.  Blake,  38,  39,  39,  41,  61 
insculpta  (Hochst.)  A.  Camus,  38,  39,  41,  69 
laguroides  (DC.)  Pilger,  38 
radicans  (Lehm.)  A.  Camus,  38,  39,  41 
saccharoides  (Swartz)  Rydb.,  38,  40 
Burkea  Benth. , 68 
Chrysopogon  Trin. , 37,  39,  41 
serrulatus  Trin. , 40,  41 
Cladoraphis  spinosa  (L.  f.)  S.M.  Phillips,  69 
Cleistachne  Benth. , 37 
sorghoides  Benth.,  41 

Coelischaemum,  section  (Ischaeminae),  52 
Coelorachis  Brongn. , 43 
capensis  Stapf,  43,  46,  47 
Coix  L. , 71 

lacryma-jobi  L. , 51,  53,  54 
Ctenium  Panz. , 9 
concinnum  Nees,  9,  10,  62 
Cymbopogon  Spreng. , 23,  26,  27,  65,  68 
citratus  (DC.)  Stapf  26 
dieterlenii  Stapf  ex  Phill. , 26,  30,  68 

excavatus  (Hochst.)  Stapf  ex  Burn  Davy , 26,  27,  28,  28,  31,  31,  60 
marginatus  (Steud.)  Stapf  ex  Burn  Davy,  26,  31 
plurinodis  (Stapf)  Stapf  ex  Burn  Davy,  26,  31,  32,  68 


bold  numbers  refer  to  figures. 


validus  ( Stapf)  Stapf  ex  Burn  Davy,  26,  32 
Danthoniopsis  Stapf  19 
dinteri  (Pilg.)  C.E.  Hubb. , 19,  20,  20 
parva  (J.B.  Phipps)  Clayton,  20 
pruinosa  C.  E.  Hubb. , 19,  20,  20 
ramosa  (Stapf)  Clayton,  19,  20,  20 
Dichanthium  Willemet,  37,  39 

annulatum  (Forssk.)  Stapf  war.  papillosum  (A.  Rich.)  De  Wet  & Harlan , 
39,  41,  41 

aristatum  (Poir.)  C.E.  Hubb.,  39,  42,  43,  61 
Digitaria  Haller,  16,  71 
debilis  (Desf.)  Willd.,  17,  17 
diversinervis  (Nees)  Stapf  17,  17 
Diheteropogon  (Hack.)  Stapf,  23,  28,  68 
amplectens  (Nees)  Clayton,  26,  27,  28,  32  , 32  , 60 
filifolius  (Nees)  Clayton,  28,  32,  32 
Echinochloa  Beauv. , 16 
colona  (L.)  Link,  17,  18 
holubii  (Stapf)  Stapf,  18 
pyramidalis  (Lam.)  Hitchc.  & Chase,  18,  18 
Ehrharta  Thunb. , 8 

dura  Nees  ex  Trin. , 5,  8,  8,  9,  63,  69,  73 
microlaena  Nees  ex  Trin. , 8,  8,  9,  63,  69,  73 
Elionurus  Kunth  ex  Willd.,  43,  44,  68 
muticus  (Spreng.)  Kunth,  46,  47 
tripsacoides  Willd. , 46,  47 
Eragrostis  Wolf  10,  63 
bicolor  Nees,  11,  13,  60,  68 
caesia  Stapf,  11,  12 
capensis  (Thunb.)  Trin.,  12,  14 
chloromelas  Steud.,  10,  11,  13,  13 
curvula  (Schrad.)  Nees,  11,  71 
gummiflua  Nees,  11,  12 
habrantha  Rendle,  II,  13,  14 
heteromera  Stapf,  11,  13 
hierniana  Rendle,  10,  12 
inamoena  K.  Schum.,  10,  12,  14 
lappula  Nees,  10,  12,  14,  60 
micrantha  Hack.,  11,  15,  68 
patentissima  Hack.,  11,  14,  15 
plana  Nees,  71 
planiculmis  Nees,  II,  15 
pseudosclerantha  Chiov. , 14,  15 
racemosa  (Thunb.)  Steud.,  11,  15 
rotifer  Rendle,  10,  II,  13,  15,  62 
sclerantha  Nees,  II,  15 
stapfii  De  Winter,  11,  13,  15 
Eriochrysis  Beauv. , 53,  55 
brachypogon  (Stapf)  Stapf  54,  55 
pallida  Munro,  55,  56 
Eulalia  Kunth,  52,  53,  55,  59 
aurea  (Bory)  Kunth,  55,  57 
villosa  (Thunb.)  Nees,  52.  53,  55,  57,  73,  74 
Fasciculata,  section  (Ischaeminae),  52 
Faurea  Harv. , 68 
Hemarthria  R.  Br. , 43,  45 
altissima  (Poir. ) Stapf  & C.  E.  Hubb. , 46,  48,  63 
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Heteropogon  Pers. , 25,  33,  34 
contortus  (L.)  Roem.  & Schult. , 34,  34 
melanocarpus  (Ell.)  Benth.,  34,  35 
Hyparrhenia  Fourn. , 33,  34  , 60,  65,  68,  73,  74 
anamesa  Clayton,  35 
collina  (Pilg.)  Stapf,  35 
cymbaria  (L.)  Stapf,  36 
dichroa  (Steud.)  Stapf,  35,  36 
dregeana  (Nees)  Stapf,  35,  36,  59 
filipendula  (Hochst.)  Stapf,  34,  69 
var.  filipendula,  36 
var.  pilosa  (Hochst.)  Stapf,  36 
gazensis  (Rendle)  Stapf,  36 
hirta  (L.)  Stapf,  34,  35,  36,  60,  68 
pilgeriana  C.E.  Hubb. , 36 
quarrei  Robyns,  35,  36 
rudis  Stapf  35,  36 
rufa  (Nees)  Stapf,  36 
schimperi  (A.  Rich.)  Stapf,  35,  36 
tamba  (Steud.)  Stapf,  36 
Hyperthelia  Clayton,  33,  34,  65,  68 
dissoluta  (Nees  ex  Steud.)  Clayton,  34,  37,  37,  59.  60 
Imperata  L. , 53 

cylindrica  (L.)  Raeuschel,  56,  58,  69 
Ischaemum  L. , 44 

afrum  (J.F.  Gmel.)  Dandy,  51,  52,  52 
fasciculatum  Brongn.,  51,  52,  53,  55 
Lappula,  section  (Eragrostideae),  II,  12 
Leptopogon,  section  (Andropogoninae),  25,  26.  27,  28,  28 
Loudetia  Hochst.  ex  Steud. , 19,  65,  68,  73,  74 
flavida  (Stapf)  C.E.  Hubb.,  5,  19,  20,  21,  60,  62 
pedicellata  (Stent)  Chippind.,  19,  21,  21 
simplex  (Nees)  C.E.  Hubb..  5,  19,  21,  22,  60 
Microstegium  Nees.  53,  55 
nudum  (Trin.)  A.  Camus,  55,  56,  58 
Miscanthidium  Stapf,  56 
Miscanthus  Anderss.,  53,  55 
capensis  (Nees)  Anderss. , 55,  56,  59 
erectum*  Stem  <£  C.E.  Hubb.,  55,  56,  60 
junceus  Stapf.  55,  56.  58 
Monocymbium  Stapf,  33,  34 
ceresiiforme  (Nees)  Stapf,  37 

Notosolen,  section  (Andropogoninae),  25,  26,  26,  28,  33 
Ochna  L. , 68 
Panicum  L. 

coloratum  L. , 16,  18,  19,  63 
virgatum  L. , 17 
Paspalum  L. , 71 
gardnerianum  Nees,  16.  17,  19 
Peltophorum  (Vogel)  Benth. , 68 
Pennisetum  Rich. , 71 
Phacelurus  Griseb. , 43,  44.  46 
franksiae  (J.M.  Wood)  Clayton,  44,  48,  49 
Piestium,  section  (Andropogoninae),  23,  24,  25,  25,  26,  28,  59,  60 
Pogonarthria  Stapf.  10 
fleckii  (Hack.)  Hack.,  15,  16 
squarrosa  (Roem.  & Schult. ) Pilg. , 10,  15,  16 
Pogonaiherum,  53,  55 
paniceum  (Lam.)  Hack.,  56,  61 
Polydistachyophorum,  section  ( Anthistiriinae),  34 
Rhytachne  Desv. , 43,  44 
latifolia  Clayton,  44,  45,  49,  50,  51 
rottboellioides  Desv.,  43,  44,  49,  50 
Rottboellia  L.  f,  43 

cochinchinensis  (Lour.)  Clayton,  44,  45,  49,  50,  51 
exaltata  L.  f.,  44,  49,  51 
Saccharum,  39,  53,  55.  71 
officinarum  L. , 55,  59,  61 


* Tentative  combination  without  regard  to  orthography;  at  present  a 
species  of  Miscanthidium  Stapf. 


Sartidia  De  Winter,  8 
Schizachyrium  Nees,  28,  65,  68 
exile  (Hochst.)  Pilg.,  32 
jeffreysii  (Hack.)  Stapf.  33.  33,  60 
sanguineum  (Retz.)  Alst.,  33,  33 
ursulus  Stapf  33 
Section 

Andropogon  (Andropogoninae).  26.  27,  28.  30.  60 
Coelischaemum  (Ischaeminae),  52 
Fasciculata  (Ischaeminae),  52 
Lappula  (Eragrostideae).  11.  12 
Leptopogon  (Andropogoninae),  25,  26,  27.  28.  28 
Notosolen  (Andropogoninae),  25,  26,  26,  28,  33 
Piestium  (Andropogoninae).  23.  24.  25,  25.  26.  28,  59.  60 
Polydistachyophorum  (Anthistiriinae).  34 
Sehima  Forssk. 
galpinii  Stent.  51,  52,  54 
Setaria  Beauv. , 71 
Sorghastrum  Nash,  37.  39 
freisii  (Pilg.)  Pilg.,  39,  42.  43 
nutans  (L.)  Nash,  39.  69 
stipoides  (Kunrh)  Nash.  39.  42.  43 
Sorghum  Moench.  37.  38.  39.  61.  71 
subgenus  Chaetosorghum.  40.  45 
subgenus  Parasorghum.  40.  41.  45.  46 
subgenus  Sorghum,  40,  44 
subgenus  Stipasorghum.  40.  45 
bicolor  (L.)  Moench.  40.  43.  44.  44.  51 
halepense  (L. ) Pers. . 40.  43.  44 
intrans  F.  MuelL . 40.  46.  61 
macrospermum  Garber.  40.  45 
matarankense  Garber  & Snyder.  40.  45 
nitidum  (Vahl)  Pers. , 40.  45 
propinquum  (Kunth)  Hitchc. . 40.  44 
stipoideum  (Ewart  & White)  Gardner  & Hubb. . 40.  46.  61 
versicolor  Anderss..  5.  40,  41.  43.  46.  61.  62.  65 
Sporobolus  R Br. . 9 
africanus  (Pair. ) Robyns  & Tournax.  71 
fimbriatus  (Trin.)  Nees.  9.  11 
nervosus  Hochst..  9.  11,  61.  68 
pyramidalis  Beauv..  71 
Stiburus  Stapf  10 

alopecuroides  (Hack.)  Stapf.  10.  15.  17 
conrathii  Hack..  16.  17 
Stipagrostis  Nees,  8 
namaquensis  (Nees)  De  Winter,  69 
Terminalia  L. , 68 

Thelepogon  elegans  Roem.  & Schult.,  51,  53 
Themeda  Forssk. , 25.  33.  34.  68 
triandra  Forssk..  34  , 37.  38.  68.  69 
Trachypogon  Nees 
spicatus  (L.  f.)  Kuntze,  59,  62.  68 
Trichopteryx  Nees,  19 
dregeana  Nees,  21,  22 
Tripsacum  L. , 44,  51 
dactyloides  (L.)  L. . 50,  51 
Triraphis  R.  Br.,  10 
andropogonoides  (Steud. ) Phill. , 16 
Tristachya  Nees,  19 
biseriata  Stapf,  19.  21,  24 
leucothrix  Nees,  19,  21,  23,  68 
luaiabaensis  (De  Wild.)  J.B.  Phipps,  19,  22,  23 
rehmannii  Hack.,  19,  22,  24 
superba  (De  Not.)  Schweinf.  & Aschers.,  19,  22,  23 
Urelytrum  Hack.,  43,  45 
agropyroides  (Hack.)  Hack.,  45,  50,  51 
Vetiveria  Bory,  37,  41 
nigritana  (Benth.)  Stapf,  43,  47 
Vossia  Wall.  & Griff.,  43,  45,  46 
cuspidata  (Roxb.)  Griff.,  45,  50,  51 
Zea,  44,  71 

diploperennis  Doebly  & Guzman,  51,  51 
mays  L. , 51,  51 
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